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EXECUTIVE  SUMMARY 


This  amended  closure/post-closure  plan  describes  the  proposed  closure  approach  for 
the  former  hazardous  waste  storage  area  (HWSA)  at  Building  560,  Rickenbacker  Air 
National  Guard  Base  (ANGB),  Ohio.  The  former  HWSA  is  located  at  the  edge  of  the 
shop  area  in  the  northern  section  of  the  base.  The  HWSA  was  a  permitted  storage 
facility  that  received  wastes  generated  during  base  activities  from  1983  to  1986. 
Wastes  stored  in  the  HWSA  consisted  primarily  of  acids  and  spent  desiccants.  Waste 
was  stored  in  small  containers  placed  on  pallets  inside  Building  560  and  in  larger,  55- 
gallon  drums  outside  the  building  (within  the  fenced  yard).  Additionally,  15 
underground  storage  tanks  (USTs)  were  previously  located  at  Building  560/HWSA. 
These  USTs  were  used  for  the  storage  of  waste  fuel,  waste  oils,  and  deicing  fluid.  The 
Air  Force  Base  Conversion  Agency  (AFBCA)  has  been  granted  “No  Further  Response 
Action  Plan”  (NFRAP)  status  for  the  tanks.  Residual  contamination  in  soil  and 
groundwater  is  addressed  as  part  of  the  closure  approach  presented  in  this  closure/post- 
closure  plan.  This  amended  closure/post-closure  plan  was  prepared  in  compliance  with 
the  Ohio  Administrative  Code  (OAC)  Chapter  3745  Part  66  and  the  Code  of  Federal 
Regulations  (CFR),  Title  40  Part  265,  Subpart  G. 

The  HWSA  was  initially  proposed  to  be  closed  as  a  landfill  (i.e.,  installation  of  a 
cap)  with  engineered  groundwater  remediation  via  extraction  and  treatment  (E&T)  to  be 
conducted  during  the  post-closure  period.  This  proposed  closure  approach,  as 
described  in  a  March  1993  amended  closure/post-closure  plan,  was  approved  by  the 
Ohio  Environmental  Protection  Agency  (Ohio  EPA)  on  July  13,  1993.  However,  after 
further  review  of  existing  site  characterization  data,  the  AFBCA  questioned  the 
effectiveness  of  the  proposed  groundwater  remediation  approach. 

Subsequently,  Parsons  Engineering  Science,  Inc.  (Parsons  ES)  was  contracted  by  the 
Air  Force  Center  for  Environmental  Excellence  (AFCEE)  to  determine  whether  other 
remedial  approaches  and/or  technologies  could  be  used  in  lieu  of  the  proposed  closure 
approach,  especially  the  engineered  groundwater  E&T  system.  The  emphasis  of  this 
effort  was  to  evaluate  the  potential  for  natural  chemical  attenuation  processes  to 
minimize  contaminant  mass,  mobility,  persistence,  and  toxicity.  The  findings  of  this 
focused  evaluation  and  revised  closure  recommendations  were  documented  in  an 
October  1995  amended  closure/post-closure  plan.  On  August  26,  1996,  after  review  of 
the  October  1995  plan,  Ohio  EPA  informed  the  AFBCA  (and  AFCEE/Parsons  ES)  that 
reliance  on  natural  chemical  attenuation  processes  as  the  sole  remedial  action  for 
closure  would  not  be  approved.  Ohio  EPA  recommended  at  that  time  that  other 
remedial  technologies  be  considered  to  supplement  natural  attenuation  processes  to 
achieve  closure  of  the  HWSA. 

A  revised  amended  closure/post-closure  plan  for  the  HWSA  was  submitted  to  Ohio 
EPA  by  the  AFBCA  on  October  11,  1996.  The  proposed  closure  approach  described 
in  the  October  1996  plan  included: 

•  Decontamination  of  Building  560  by  cleaning  the  building  and  drum  wash  pad 
(completed  April  1996); 
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•  Removal  of  remaining  USTs  (completed  February  1995); 

•  Limited  in  situ  remediation  of  organic  soil  contamination  via  passive  or  forced  air 
injection  bioventing; 

•  Natural  oxidation  of  residual  dissolved  fuel  hydrocarbons  and  natural  reductive 
dehalogenation  of  residual  dissolved  chlorinated  hydrocarbons; 

•  In  situ  remediation  of  residual  dissolved  chlorinated  hydrocarbons  via 
groundwater  amendment  (passive  or  active  oxygenation),  as  necessary; 

•  Continued  monitoring  and  site  access  controls  as  part  of  post-closure 
commitments;  and 

•  Eventual  total  site  exposure  control  by  installation  of  taxi  way  (proposed  as  future 
land  use). 

This  proposed  closure  approach  is  intended  to  supersede  the  closure  approach 
presented  in  the  approved  1993  closure/post-closure  plan.  Additional  site  assessment 
activities  are  being  undertaken  by  the  AFBCA  to  optimize  final  designs  for  the 
engineered  components  of  the  proposed  closure  approach  and  to  establish  long-term 
closure  objectives  for  the  site.  Should  this  proposed  closure  approach  prove 
insufficient  to  meet  closure  objectives,  the  AFBCA  would  consider  implementation  of 
alternate,  high-cost  contingency  actions  (e.g.,  cap  installation). 
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SECTION  1 

FACILITY  DESCRIPTION 


1.1  INTRODUCTION 

This  amended  closure/post-closure  plan  is  submitted  by  Rickenbacker  Air  National 
Guard  Base  (ANGB,  the  Base),  in  compliance  with  the  Ohio  Administrative  Code 
(OAC)  Chapter  3745  Part  66,  and  Code  of  Federal  Regulations  (CFR)  Title  40  Part 
265,  Subpart  G.  As  part  of  the  Installation  Restoration  Program  (IRP),  Rickenbacker 
ANGB  has  identified  the  former  hazardous  waste  storage  area  (HWSA)  at  Building  560 
for  closure.  Initially,  Rickenbacker  proposed  to  close  the  HWSA  as  a  landfill  with 
groundwater  remediation  to  be  conducted  during  the  post-closure  period.  This  closure 
approach  consisted  of  engineered  groundwater  remediation  with  an  extraction  and 
treatment  system,  followed  by  installation  of  a  cap.  This  proposed  closure  approach,  as 
described  in  a  March  1993  amended  closure/post  closure  plan,  was  approved  by  the 
Ohio  Environmental  Protection  Agency  (Ohio  EPA)  on  July  13,  1993. 

In  January  1995,  the  Air  Force  Base  Conversion  Agency  (AFBCA),  which  took 
over  responsibility  of  closure  of  the  HWSA  in  September  1994,  informed  Ohio  EPA 
that  the  effectiveness  of  the  approved  groundwater  extraction  and  treatment  system  was 
being  questioned.  To  determine  whether  other  remedial  approaches  and/or 
technologies  could  be  used  in  lieu  of  the  proposed  closure  approach,  especially  the 
engineered  groundwater  extraction  and  treatment  system.  Parsons  Engineering 
Science,  Inc.  (Parsons  ES)  was  contracted  by  the  Air  Force  Center  for  Environmental 
Excellence  (AFCEE)  in  February  1995  to  perform  an  investigation  at  the  HWSA  to 
determine  if  natural  chemical  attenuation  processes  in  site  groundwater  are  occurring, 
and,  if  so,  whether  these  processes  are  sufficient  to  minimize  contaminant  mass, 
mobility,  persistence,  and  toxicity.  The  findings  of  this  evaluation  and  revised  closure 
recommendations  were  documented  in  an  October  1995  amended  closure/post  closure 
plan.  On  August  26,  1996,  after  review  of  this  amended  closure/post  closure  plan, 
Ohio  EPA  informed  the  AFBCA  (and  Parsons  ES)  that  reliance  on  natural  chemical 
attenuation  processes  as  the  sole  remedial  action  for  closure  would  not  be  approved. 
Ohio  EPA  recommended  at  that  time  that  other  remedial  technologies  be  considered  to 
supplement  natural  attenuation  processes  to  achieve  closure  of  the  HWSA. 

This  version  of  the  amended  closure/post  closure  plan  describes  the  additional 
engineered  remedial  actions  that  are  proposed  to  be  implemented  at  the  former  HWSA 
to  supplement  natural  chemical  attenuation  processes,  which  have  been  documented  to 
be  occurring  in  site  groundwater.  This  proposed  closure  approach  is  intended  to 
supersede  the  closure  approach  presented  in  the  approved  1993  closure/post  closure 
plan. 
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The  HWSA  is  located  at  Base  Building  560,  which  was  regulated  under 
US  Environmental  Protection  Agency  (USEPA)  Interim  Status  Permit 
#OH357 1924544.  Building  560  was  decontaminated  in  April  1996  in  preparation  for 
closure,  as  described  in  Section  5  of  this  report  and  in  a  June  1996  technical  report 
(AFCEE,  1996).  Building  560  housed  water  demineralization  equipment  prior  to  being 
converted  to  hazardous  waste  storage  in  1983.  The  HWSA  (Building  560)  was  then 
used  from  1983  until  1986  for  the  storage  of  drummed  wastes  generated  at  the  Base. 

Environmental  investigations  were  conducted  at  the  HWSA  in  1989,  1990,  and  1991 
to  determine  the  nature  and  extent  of  contamination  at  the  site.  To  more  completely 
define  the  extent  of  contamination  and  to  document  the  potential  feasibility  of  relying 
on  natural  chemical  attenuation  processes  as  a  potential  remedial  approach  for 
groundwater  remediation,  additional  field  work  was  conducted  in  February  and  March 
of  1995.  Results  of  severaIGngemg  quarterly  groundwater  sampling  events,  which 
were  completed  in  August  and  December  1995  and  March  1996,  also  were  considered 
when  evaluating  potential  remedial  approaches  for  groundwaterhave  been 
completed. 

1.2  REPORT  ORGANIZATION 

This  amended  closure/post  closure  plan  consists  of  1 1  sections,  including  this 
introduction,  and  5  appendices.  A  general  site  background,  including  an  overview  of 
the  environmental  setting,  is  provided  in  the  remainder  of  this  section.  Section  2 
presents  more  detailed  information  on  the  site  background,  including  a  review  of 
recently-completed  closure  activities  related  to  Building  560  and  a  number  of 
underground  storage  tanks  (USTS)  located  on  or  adjacent  to  the  site.  Section  3 
presents  a  summary  of  the  wastes  that  were  stored  at  the  site,  in  tabular  form.  Section 
4  summarizes  the  scope  of  environmental  investigation  activities  conducted  at  the  site  to 
date,  and  presents  available  data  to  characterize  physical  conditions  and  the  nature  and 
extent  of  residual  contamination  in  soil  and  groundwater.  The  proposed  closure 
approach,  including  a  description  of  the  various  remedial  technologies  and  approaches, 
is  presented  in  Section  5.  Section  6  presents  the  proposed  sampling  and  analytical  plan 
for  soil  and  groundwater  during  closure  activities  and  post-closure  monitoring.  Section 
7  describes  the  personnel  health  and  safety  procedures  for  closure  and  post-closure 
activities.  Section  8  presents  a  schedule  for  closure  activities.  Post-closure  activities 
are  summarized  in  Section  9.  An  estimate  of  closure  and  post-closure  costs  is  provided 
in  Section  10.  Section  11  presents  references  used  in  preparing  this  amended 
closure/post  closure  plan. 

Appendix  A  tabulates  the  analytical  data  collected  at  the  site  from  1988  through 
1990.  Appendix  B  presents  relevant  text  and  figures  from  the  1988-1990 
investigations,  and  a  summary  of  the  1991  sampling  results.  Boring  logs,  monitoring 
well  construction  details,  and  1995  conepenetrometer  (CPT)  logs  are  presented  in 
Appendix  C.  Appendix  D  presents  the  laboratory  reports  for  analytical  data  collected 
in  early  1995  as  part  of  the  natural  chemical  attenuation  investigation  sponsored  by  the 
AFCEE.  Appendix  E  summarizes  the  field  and  analytical  results  collected  at  the  site  in 
August  1995,  December  1995,  and  March  1996.  Analytical  data  from  early 
investigations  are  presented  on  a  site  map  in  sheets  attached  at  the  end  of  the 
appendices. 
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SITE  LOCATION 


Sources:  USGS,  1985. 


HWSA 

Amended  Closure/Post-Closure  Plan 
Rickenbacker  ANGB,  Ohio 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 


1-4 


L:\45025\SURVEY\95DN1421,  10/05/95  at  08:07 


Revised  from  10/96  Revised  Draft  Version 
Resubmitted  2/97  for  Review 


1.3  RICKENBACKER  AIR  NATIONAL  GUARD  BASE 

Rickenbacker  ANGB  is  located  12  miles  southeast  of  Columbus,  and  0.5  mile  east 
of  Lockboume,  Ohio  (Figure  1.1).  The  Base  covers  approximately  2,100  acres  in 
Franklin  and  Pickaway  Counties  and  is  located  on  a  glacial  till  plain  between  the  Big 
Walnut  and  Walnut  Creek  drainage  basins.  The  area  has  been  used  as  an  air  base  under 
the  custody  of  various  government  branches,  including  the  Army  Air  Corps  and  the  Air 
National  Guard  since  1942.  Access  to  the  Base  is  restricted  through  a  continually 
guarded  entrance. 

The  former  HWSA  is  located  at  the  edge  of  the  shop  area  in  the  northern  section  of 
the  Base  (Figure  1.2).  The  HWSA  was  a  permitted  storage  facility  that  received  wastes 
generated  during  Base  activities  from  1983  to  1986,  when  it  was  closed.  The  HWSA 
encompasses  a  fenced,  grass-covered  area  measuring  170  feet  by  95  feet  and  includes  a 
10-foot  by  20-foot  steel  building  on  a  concrete  slab  identified  as  Building  560  (Figure 
1.3).  Wastes  were  stored  in  drums  placed  on  pallets  inside  Building  560  and  outside 
within  the  fenced  yard. 

Closure  activities  for  eleven  USTs  associated  with  Building  560/HWSA  (Tanks  #51 
through  #57,  #106,  #160,  #161,  and  #162)  were  conducted  in  May  through  August 

1994.  These  tanks  were  used  previously  to  store  petroleum,  diesel,  and  kerosene. 
Four  additional  USTs  (Tanks  #47  through  50)  at  the  HWSA  were  removed  in  February 

1995.  These  USTs  were  used  for  the  storage  of  waste  fuel,  waste  oils,  and  deicing 
fluid.  The  activities  that  generated  the  wastes  stored  in  the  HWSA  include  degr^sing 
operations  at  Base  shops,  aircraft  cleaning,  and  general  maintenance  activities 
(painting,  paint  stripping,  etc.). 

1.3  ENVIRONMENTAL  SETTING 

The  environmental  setting  of  the  Base  is  described  in  this  subsection,  with  an 
emphasis  on  the  identification  of  natural  features  that  may  influence  the  migration  of 
hazardous- waste-related  contaminants  from  this  facility. 

1.3.1  Meteorology 

The  climate  of  Columbus,  Ohio  is  continental,  characterized  by  cold  winters,  hot 
summers,  and  moderate  rainfall  (Pierce,  1959).  The  mean  annual  temperature  is  52 
degrees  Fahrenheit  (°F).  The  coldest  month  is  January,  with  a  mean  temperature  of 
30°F;  the  warmest  month  is  July,  with  a  mean  temperature  of  74'’F.  Precipitation  at 
the  Base  falls  primarily  during  the  summer  months,  with  June  being  the  wettest  rnonth 
and  October  being  the  driest  month.  The  mean  annual  precipitation  at  the  Base  is  38 
inches.  The  prevailing  wind  directions  on  the  Base  are  from  the  southwest  to  north- 
northwest,  as  illustrated  on  Figure  1.4. 

1.3.2  Regional  Geology 

The  Base  is  located  in  the  Glaciated  Central  Lowlands  Province,  just  west  of  the 
Appalachian  Plateau  Province.  The  geology  of  the  area  is  characterized  by  up  to  200 
feet  of  Pleistocene  sandy  and  gravelly  glacial  outwash  and  silty  and  clayey  glacial  till 
filling  a  preglacial  bedrock  valley  (Schmidt  and  Goldthwaite,  1958).  Bedrock 
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underlying  the  valley  fill  consists  of  Devonian-age  limestones  and  shales  of  the 
Columbus  and  Delaware  Formations. 

1.3.3  Regional  Soils 

Soils  mapped  at  the  Base  are  of  the  Kokomo  and  Crosby  Series  (Soil  Conservation 
Service,  1976).  The  soils  are  characterized  as  deep,  very  poorly  drained,  slowly  to 
moderately  slowly  permeable  soils  formed  in  glacial  tills  on  uplands.  The  Crosby 
series  soils  are  formed  on  slopes  with  up  to  6-percent  grade,  while  the  Kokomo  series 
soils  form  on  gentler  0-  to  2-percent  slopes  on  the  higher  landscape  positions.  The 
Crosby  soils  exhibit  permeabilities  of  0.06  to  0.6  inches  per  hour  (in/hr)  in  unleached 
horizons.  The  Kokomo  soils  have  permeabilities  of  0.2  to  2.0  in/hr. 

1.3.4  Regional  Surface  Water  Hydrology 

Rickenbacker  ANGB  occupies  the  drainage  divide  between  Big  Walnut  Creek  and 
Walnut  Creek.  Surface  drainage  from  the  Base  is  controlled  through  an  extensive 
storm  drain  network,  which  includes  corrugated  metal  and  concrete  drainage  pipes  and 
open  drainage  ditches.  All  of  the  surface  runoff  is  routed  through  oil/water  separators 
before  being  released  into  surrounding  surface  streams,  which  ultimately  discharge  into 
Walnut  Creek  and  Big  Walnut  Creek.  Walnut  Creek  is  the  nearest  permanent  stream  to 
the  HWSA  and  is  located  approximately  1.5  miles  east  of  the  site. 

1.3.5  Regional  Groundwater  Use 

Groundwater  is  the  primary  source  of  drinking  water  in  this  area.  Although  tThere 
are  six  water  supply  wells  located  on  the  Base,—  tThese  wells  are  no  longer  used  as  a 
source  of  potable  water.  The  Base  and  the  nearby  Village  of  Lxjckbourne  receive  their 
water  supply  from  the  City  of  Columbus.  The  depths  of  the  ANGB  former  drinking 
water  wells  range  from  201  to  232  feet  below  ground  surface  (bgs).  The  wells  are 
screened  in  the  glacial  sands  and  gravels  immediately  above  the  shale  bedrock.  Static 
water  levels  in  the  drinking  water  wells  range  from  36  to  56  feet  bgs.  Testing  of  water 
from  the  wells  for  priority  pollutants  indicated  no  detectable  contamination  (Ecology 
and  Environment,  1986). 

Homes  along  the  rural  roads  surrounding  the  Base  are  served  by  individual  domestic 
water  wells.  These  wells  are  completed  in  sand  and  gravel  aquifers  between  20  and 
100  feet  bgs. 
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SECTION  2 

HAZARDOUS  WASTE  STORAGE  AREA 


2.1  SITE  DESCRIPTION 

The  site  is  located  in  the  central  area  of  the  Base  (Figure  1.2).  The  HWSA 
measures  170  feet  by  95  feet,  and  is  surrounded  by  a  chain-link  fence  with  a  locking 
gate  (Figure  1.3).  A  majority  of  the  site  is  unpaved  and  vegetated  with  grasses.  There 
is  a  paved  driveway  that  leads  to  the  now-decontaminated  Building  560,  and  the  floor 
of  the  building  is  paved  with  concrete.  The  area  surrounding  the  site  is  very  level  and 
also  is  vegetated  with  grasses.  To  the  north  and  east  of  the  site  is  a  gravel  road,  and 
beyond  the  road  are  railroad  tracks  that  are  no  longer  in  use.  The  area  to  the  south  and 
west  is  currently  used  as  a  storage  yard  for  stockpiled  telephone  poles  and  drummed 
material.  To  the  south  and  east  of  the  site  are  office  buildings  and  parking  lots. 
Beyond  the  buildings  to  the  east  are  the  Base  runways.  These  runways  receive  air 
traffic  consisting  of  various  military  aircraft  and  private  aircraft  associated  with  the 
Rickenbacker  Port  Authority. 

2.2  SITE  HISTORY 

The  area  where  the  HWSA  was  constructed  had  various  other  uses  in  the  past. 
Historical  aerial  photographs,  maps,  and  drawings  indicate  that  the  site  had  been  used 
for  a  storage  yard,  probably  for  drummed  lube  oils.  When  the  Base  was  first 
constructed  in  1942,  individual  buildings  were  heated  with  coal.  The  coal  storage  area 
for  the  Base  was  located  west  of  the  HWSA,  adjacent  to  the  railroad  tracks  (Figure 
2.1).  The  smokestack  for  a  coal-burning  furnace  is  still  standing  approximately  180 
feet  from  the  HWSA. 

Records  indicate  Buildings  551  and  552  also  were  formerly  located  on  this  site. 
Fuel  pumping  operations  were  managed  from  these  two  buildings.  One  of  the 
buildings  housed  the  valve  controls  for  fuel  hydrants  used  to  off-load  fuel  from  rail 
cars.  The  foundation  of  Building  551  is  still  present  at  the  site  (Figure  1.3). 
Excavations  and  soil  sampling  were  conducted  adjacent  to  this  foundation  in  1990. 
These  investigations  indicated  that  the  fill  material  surrounding  that  structure  was  not 
contaminated. 

From  1974  to  1983,  Building  560  (Figure  1.3)  housed  water  demineralization 
equipment.  In  1983,  the  building  was  converted  to  a  hazardous  waste  storage  facility. 
The  conversion  included  sealing  off  all  floor  drains  that  led  to  storm  sewers,  connecting 
remaining  drains  to  the  sanitary  sewer,  and  installing  emergency  eye-wash  and  shower 
fixtures. 
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Hazardous  wastes  were  containerized  and  brought  to  the  site  from  other  areas  of  the 
Base.  Drum  contents  were  sampled  to  characterize  wastes  for  disposal  or  reuse. 
Wastes  were  then  turned  over  to  the  Defense  Property  Disposal  Office  (DPDO)  for 
disposal  or  recycling.  The  DPDO  is  now  known  as  the  Defense  Reutilization  and 
Marketing  Office  (DRMO). 

Building  560  (Figure  1.3)  was  used  to  store  small  (5  gallons  or  less)  containers  that 
usually  held  acids  or  spent  desiccants.  Other  materials  stored  at  this  site  were 
containerized  in  55-gallon  drums.  As  many  as  165  containers  at  one  time  were  stored 
on  pallets  in  the  grass  area  outside  Building  560.  Section  3  summarizes  types  and 
quantities  of  waste  that  were  stored  at  the  site  from  1983  until  1986. 

Building  560  consists  of  an  empty  15'  x  15'  pre-engineered  metal  structure  and  an 
adjacent  4'  x  4'  concrete  drum  wash  pad  located  inside  a  95'  x  100'  fenced  area.  The 
HWSA  was  active  from  1983  to  1986.  During  this  period,  small  container  (5  gallons 
or  less)  were  stored  inside  the  building  while  55-gallon  drums  were  stored  outside  the 
building  within  the  fenced  area  which  included  the  concrete  drum  wash  pad. — The 
materials  stored  at  the-HSWA  during  this  period  consisted  primarily  of  acids  and  spent 
desiccants. 

Closure  activities  recently  conducted  at  the  site  include: 

•  Decontamination  of  Building  560  and  the  adjacent  concrete  drum  wash  pad; 

•  Collection  and  analysis  of  building  and  concrete  pad  rinseate  samples  to  confirm 
achievement  of  clean  standards; 

•  Testing  and  disposal  of  containerized  wash/rinse  wastewater  generated  during 
decontamination  activities;  and 

•  Preparation  of  a  report  documenting  the  closure  activities. 

Details  on  the  planned  (and  executed)  closure  activities  associated  with  Building  560 
are  presented  in  Section  5  of  this  amended  closure/post  closure  plan. 

Four  12,000-gallon  USTS  (Tanks  #53-57)  and  ten  25,000-gallon  USTs  (Tanks  #47 
through  #52,  #106,  #160,  #161,  and  #162)  were  previously  located  at  the  site.  These 
USTs  were  removed  in  1994  and  1995  (see  Sections  1.2  and  5.2).  The  AFBCA 
receivedrequested  -that  a  “No  Further  Response  Action  Plan”  status  from  the  Ohio 
Department  of  Commerce,  Division  of  State  Fire  Marshal,  Bureau  of 
Underground  Storage  Tank  Regulation  (BUSTR)  in  March  1996,be-^granted  for  the 
tanks  only.  Residual  contamination  in  soils  and  groundwater  are  to  be  addressed  as 
part  of  the  closure  approach  presented  in  this  closure/post  closure  plan. 
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SECTION  3 

HAZARDOUS  WASTES  STORED  AT  THE  HAZARDOUS  WASTE 

STORAGE  AREA 


Wastes  from  operations  on  the  Base  were  stored  at  the  HWSA  from  1983  to  1986. 
No  wastes  have  been  stored  at  the  site  since  1986.  Table  3.1  contains  a  summary  of 
the  types  and  amounts  of  waste  stored  at  the  HWSA. 
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TABLE  3.1 

SUMMARY  OF  WASTES  STORED  AT  THE  HAZARDOUS  WASTE  STORAGE  AREA 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Quantity  (by  year) 

Waste  Description 

USEPA  Haz. 

Waste  No. 

1983 

(gals) 

1984 

(gals) 

1985 

(gals) 

1986 

(lbs) 

PD  680  (Stoddard  Solvent, 

Flammable  Aliphatic 

Petroleum  Distillate 

DOOl 

1,155 

1,450 

110 

2,429 

Carbon-Removing  Compound 
(Methylene  Chloride, 

Creosols,  Phenols) 

FOOl, 

F004 

590 

870 

- 

- 

Highly  Aromatic  Naptha 

DOOl 

500 

290 

_ 

.. 

Methyl  Ethyl  Ketone 

F005 

285 

525 

1,050 

Paint  Remover 

F005 

200 

540 

— 

Bromochloromethane 

200 

385 

— 

Sulfuric  Acid 

D002 

25 

25 

.. 

— 

Paint  Thinner 

DOOl 

20 

20 

Ethanolamine  and  Benzyl  Alcohol 

DOOl 

220 

_ 

— 

Oily  Water  and  Cleaning  Solutions 
Containing  Lead,  Cadmium, 

Chromium,  and  Nickel 

D006, 

D007, 

D008 

495 

- 

- 

- 

Hydraulic  Fluid 

„ 

0 

360 

— 

— 

Synthetic  Oil 

„ 

... 

440 

_ 

— 

Inspection  Penetrant 

„ 

150 

.. 

— 

Organic  Peroxide 

D002 

1 

— 

Spent  Desiccant  (Cobalt  chloride)  ^ 

- 

50 

40 

10 

- 

^  Quantities  for  desiccant  for  all  years  are  shown  in  pounds. 
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SECTION  4 

DESCRIPTION  OF  INVESTIGATIONS 


Early  environmental  investigations  were  conducted  at  the  HWSA  in  1988,  1990,  and 
1991.  The  activities  conducted  during,  and  the  results  of,  these  early  investigations  are 
presented  in  detail  in  the  following  documents:  Field  Investigation  Report  (ES,  1990), 
Pre-Closure  Sampling  Report,  Hazardous  Waste  Storage  Area,  (ES,  1992b),  Addendum 
to  the  Pre-Closure  Sampling  Report,  Hazardous  Waste  Storage  Area,  (ES,  1992a),  and 
Groundwater  Survey  October,  1991.  A  brief  overview  of  the  activities  conducted 
during  each  of  these  investigation  events  is  included  here,  and  additional  details  from 
these  documents  are  presented  in  Appendices  A,  B,  and  C.  Additional  fieldwork  was 
conducted  in  February  and  March  1995  to  evaluate  the  potential  for  naturally-occurring 
chemical  attenuation  processes  to  effect  in  situ  remediation  of  residual  dissolved 
contamination  at  the  HWSA.  These  data  are  important  to  establish  the  role  natural 
chemical  attenuation  may  play  in  remediation/closure  activities  at  the  site.  The  results 
of  this  investigation,  as  are  necessary  to  support  the  proposed  closure  approach,  are 
presented  in  this  amended  closure/post  closure  plan.  Additionally,  data  collected 
during  groundwater  sampling  events  in  August  1995,  December  1995,  and  March  1996 
(Appendix  E)  are  presented.  These  data  are  important  to  evaluate  site-specific 
hydrogeologic  conditions  and  observed  trends  in  dissolved  contamination  that  may  be 
attributable  to  natural  chemical  attenuation  processes. 

4.1  PREVIOUS  INVESTIGATIONS 

During  the  investigations  conducted  from  1988  through  1991,  surface  soil, 
subsurface  soil,  and  groundwater  samples  were  collected  and  analyzed  for  volatile 
organic  compounds  (VOCs),  semivolatile  organic  compounds  (SVOCs),  and  metals. 
The  list  of  the  analytes  included  in  these  sampling  efforts  is  included  in  Table  4.1.  A 
total  of  15  boreholes  were  completed,  12  monitoring  wells  were  installed,  and  31  soil 
samples  were  collected  during  pre-closure  sampling  activities  (ES,  1990;  ES,  1992a; 
ES  1992b).  The  borings  (including  wells)  ranged  in  depth  from  10  to  27  feet  bgs. 

The  analytical  results  from  the  investigations  conducted  prior  to  1995  are  compiled 
in  tables  included  in  Appendices  A  and  B.  Laboratory  reports  for  the  data  are  included 
in  appendices  of  the  pre-closure  sampling  reports  (ES,  1992a  and  1992b).  The  data  are 
listed  by  depth  of  sample  and  by  sample  matrix.  These  analytical  data  are  also 
illustrated  on  eight  sheets  that  are  contained  in  this  amended  closure/post  closure  plan. 
Sheets  1  through  5  illustrate  results  of  analyses  of  soil  samples  by  depth  interval  at  the 
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TABLE  4.1 

LIST  OF  TARGET  ANALYTES  FOR  PREVIOUS  INVESTIGATIONS  (1989-1991) 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Base/Neutral  Extractable  Semivolatile  Organic  Compounds  (USEPA  Method  SW  8270) 

Acenaphthene 

Fluoranthene 

Acenaphthylene 

Fluorene 

Anthracene 

Hexachlorobenzene 

Benzo(b)fluoranthene 

Hexachlorobutadiene 

Benzo(k)fluoranthene 

Hexachloroethane 

Benzo(a)pyrene 

Hexachlorocyclopentadiene 

Benzo(a)anthracene 

Benzo(ghi)perylene 

Indeno(  1 ,2,3  -cd)pyrene 

Benyl  Alcohol  * 

Isophorone 

Bis(2-chloroethyl)ether 

Bis(2-chloroethoxy)methane 

Naphthalene 

Bis(2-ethylhexyl)phthalate 

Nitrobenzene 

Bis(2-chloroisopropyl)ether 

N-Nitrosodiphenylamine 

4-Bromophenyl  phenyl  ether 

2-Nitroaniline 

Butylbenzlphthalate 

3-Nitroaniline 

4-Nitroaniline 

2-Chloronaphthalene 

N-Nitroso-Dimethylamine  ♦ 

4-Chloroaniline 

N-Nitroso-di-n-dipropylamine 

4-Chlorophenyl  phenyl  ether 

Chrysene 

2-Methylnaphthalene 

Dibenzo(a,h)anthracene 

Phenanthrene 

Dibenzofiiran 

Pyrene 

Di-n-octylphthalate 

1 ,3 -Dichlorobenzene 

1 ,2,4-Trichlorobenzene 

1 ,2-Dichlorobenzene 

1 ,4-Dichlorobenzene 

3,3 -Dichlorobenzidine 

Diethyl  phthalate 

Dimethyl  phthalate 

2,4-Dinitrotoluene 

2,6-Dinitrotoluene 

Di-n-octylphthalate 
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TABLE  4.1  (CONTINUED) 

LIST  OF  TARGET  ANALYTES  FOR  PREVIOUS  INVESTIGATIONS  (1989-1991) 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Volatile  Organic  Compounds  (USEPA  Methods  SW  8240/8260) 

Acrolein  * 

1,2-Dichloroethane 

Acetone 

trans- 1 ,2-Dichloroethene 

Acrylonitrile  * 

trans- 1 ,3  -Dichloropropene 

Benzene 

Ethylbenzene 

Bromomethane 

Bromodichloromethane 

2-Hexanone 

Bromoform 

2-Butanone 

Methylene  Chloride 

4-Methyl-2-pentanone 

Carbon  disulfide 

Carbon  tetrachloride 

Styrene 

Chlorobenzene 

Chloroethane 

1 , 1 ,2,2-Tetrachloroethane 

Chloroform 

Tetrachloroethene 

2-Chloroethyl  vinyl  ether  * 

Toluene 

Chloromethane 

1,1,1  -Trichloroethane 

1 , 1 ,2-Trlchloroethane 

Dibromochloromethane 

Trichloroethene 

1 ,2-Dichloropropane 

Trichlorofluoromethane  * 

1,3 -Dichlorobenzene  * 

cis- 1 ,3-Dichloropropene 

Vinyl  chloride 

1,2-Dichlorobenzene  * 

Vinyl  Acetate  * 

1,4-Dichlorobenzene  * 

1,1-Dichloroethene 

Xylenes 

Metals  (USEPA  Methods  SW6010  and  SW7470/7471) 

Antimony 

Mercury 

Arsenic 

Nickel 

Beryllium 

Selenium 

Cadmium 

Silver 

Chromium 

Thallium 

Copper 

Zinc 

Lead 

* 


These  compounds  are  not  on  the  Target  Compound  List  (TCL)  of  the  method  but 
were  included  in  the  laboratory  report. 
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site.  Sheet  1  illustrates  the  results  of  the  soil  samples  obtained  from  0  to  2  feet  bgs. 
Sheets  2  through  5  illustrate  the  results  of  soil  samples  obtained  from  3  to  5  feet,  8  to 
10  feet,  13  to  15  feet  and  greater  than  15  feet  bgs,  respectively.  Sheet  6  illustrates 
analytical  results  for  VOCs  and  SVOCs  in  groundwater,  and  Sheet  7  illustrates 
analytical  results  for  fdtered  metal  analyses  in  groundwater.  Sheet  8  illustrates  all  of 
the  sample  locations  at  the  site,  without  the  associated  data.  These  data  are  used  in 
Section  4Sr24.4.2  to  describe  the  nature  and  extent  of  residual  contamination  at  the 
site. 

4.2  EARLY  1995  NATURAL  CHEMICAL  ATTENUATION  INVESTIGATION 

To  determine  if  natural  chemical  attenuation  processes  are  occurring  at  the  HWSA, 
and  if  so,  to  evaluate  whether  these  processes  can  play  a  significant  role  in  groundwater 
remediation,  additional  data  were  necessary  to  evaluate  near-surface  geology,  aquifer 
properties,  and  the  nature  and  extent  of  soil  and  groundwater  contamination.  Site 
characterization  activities  included  performing  CPT  with  laser-induced  fluorescence 
(LIF);  sampling  and  analyzing  soils  from  CPT  pushes;  installing  groundwater 
monitoring  points;  sampling  and  analyzing  groundwater  from  newly  installed 
monitoring  points  and  previously  installed  monitoring  wells;  and  measuring  and 
estimating  hydrogeologic  parameters  (.static  groundwater  levels,  groundwater  gradient, 
groundwater  flow  direction,  and  hydraulic  conductivity).  The  field  methods  for  all  site 
activities  are  described  in  detail  in  the  Draft  Work  Plan  for  a  Treatability  Study  in 
Support  of  the  Intrinsic  Remediation  (Natural  Attenuation)  Option  at  Site  1  (Hazardous 
Waste  Storage  Area),  Rickenbacker  ANGB  (Parsons  ES,  1995a).  Sampling  locations 
for  the  1995  site  activities  are  presented  on  Figure  4.1. 

The  objective  of  these  field  activities  was  to  collect  the  following  physical  and 
chemical  data: 

•  Depth  from  measurement  datum  to  the  water  table  or  potentiometric  surface  in 
monitoring  wells; 

•  Rate  of  change  of  water  elevation  following  rapid  depression  or  elevation  of 
water  level  in  a  monitoring  well  (to  be  used  to  estimate  hydraulic  conductivity); 

•  Location  of  potential  groundwater  recharge  and  discharge  areas; 

•  Stratigraphy  of  subsurface  media; 

•  Nature  and  extent  of  residual  petroleum  and  chlorinated  aliphatic  hydrocarbon 
contamination  in  soils; 

•  Total  organic  compound  (TOC)  in  select  soil  samples. 
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•  Nature  and  extent  of  benzene,  toluene,  ethylbenzene,  and  xylenes  (BTEX), 
trimethylbenzene  (TMB),  total  petroleum  hydrocarbon  (TPH),  and  chlorinated 
aliphatic  hydrocarbons  in  groundwater; 

•  Concentrations  of  dissolved  oxygen  (DO),  nitrate,  ferrous  iron,  sulfate,  methane, 
chloride,  ammonia,  and  TOC  in  groundwater;  and 

•  Temperature,  specific  conductance,  reduction/oxidation  (redox)  potential,  total 
alkalinity,  and  pH  of  groundwater. 

An  overview  of  these  early  1995  site  activities  is  presented  in  the  following 
paragraphs.  A  more  detailed  discussion  of  field  methods  is  provided  in  the  work  plan 
(Parsons  ES,  1995a). 

Subsurface  conditions  at  the  site  were  characterized  by  the  US  Army  Corps  of 
Engineers  (USACE)  and  Parsons  ES  on  February  21  througii  February  24,  1995,  using 
a  CPT  coupled  with  a  LIF  testing  device.  Seventeen  CPT  pushes  were  performed  at 
the  locations  labeled  LlF-1  through  LIF-17  (Figure  4.1).  LIF  was  performed 
simultaneously  at  these  locations  to  evaluate  the  presence  of  residual  or  mobile  (free- 
phase)  hydrocarbons  in  the  soil  and  groundwater.  The  purpose  of  the  CPT/LIF 
sampling  at  the  site  was  to  determine  subsurface  stratigraphy  and  to  help  delineate  the 
extent  of  fluorescing  contamination.  Graphical  results  of  each  CPT/LIF  push  were 
plotted  at  the  conclusion  of  each  penetration  and  were  available  minutes  after  the 
completion  of  each  hole.  The  graphs  showed  cone  resistance,  sleeve  friction,  soil 
classification,  fluorescence  intensity,  and  maximum  fluoresced  wavelength.  The  real¬ 
time  availability  of  the  CPT  information  allowed  the  USACE  and  Parsons  ES  to  make 
investigative  decisions  based  on  the  most  current  information.  Final  CPT  logs  are 
presented  in  Appendix  C. 

The  CPT  apparatus  also  was  used  to  collect  three  undisturbed  soil  samples  at  three 
monitoring  point  locations.  Sample  SS-1  was  collected  from  10  to  10.7  feet  bgs  during 
the  placement  of  monitoring  point  ESMP-14.  Sample  SS-2  was  collected  from  14  to 
14.7  feet  bgs  during  the  placement  of  ESMP-16.  Sample  SS-3  was  collected  from  10 
to  10.7  feet  bgs  adjacent  to  ESMP-12,  following  the  placement  of  the  monitoring  point. 
Additional  soil  samples  specified  in  the  work  plan  (Parsons  ES,  1995a)  were  not 
collected  because  the  sampling  attachments  were  broken  during  the  sampling  process. 

Static  groundwater  levels  were  measured  in  all  site  wells  prior  to  purging  for 
groundwater  sampling  and  at  the  conclusion  of  the  field  effort  on  March  1,  1995. 
Measurements  were  obtained  at  all  site  wells  and  monitoring  points.  Two  rising  head 
slug  tests  were  performed  on  each  of  four  monitoring  wells:  MW-4,  MW-6,  MW-9, 
and  MW- 12  (Figure  4.1). 

Thirty-four  0.5-inch  inside  diameter  (ID)  groundwater  monitoring  points  were 
installed  at  17  locations  in  February  to  March  1995.  Clusters  of  3  monitoring  points 
were  installed  at  locations  ESMP-8  and  ESMP-14.  Clusters  of  2  monitoring  points 
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were  installed  at  locations  ESMP-1,  ESMP-2,  ESMP-3,  ESMP-4,  ESMP-5,  ESMP-6, 
ESMP-7,  ESMP-9,  ESMP-10,  ESMP-11,  ESMP-13,  ESMP-15,  and  ESMP-16.  Single 
monitoring  points  were  installed  at  locations  ESMP-12  and  ESMP-17.  Where 
monitoring  points  were  installed  in  clusters,  the  shallowest  screen  was  placed  across  or 
just  below  Ae  observed  water  table.  Screens  for  deeper  monitoring  points  within  the 
same  cluster  were  placed  approximately  7  to  10  feet  below  the  next  shallowest  point  in 
the  cluster.  At  the  locations  with  paired  monitoring  point  clusters,  the  point  with  the 
shallowest  screened  interval  was  designated  with  the  suffix  “S”,  while  the  point  with 
the  deeper  screened  interval  was  designated  with  the  suffix  “D”.  At  the  locations  with 
three  monitoring  points,  the  point  with  the  shallowest  screened  interval  was  designated 
with  the  suffix  “S”,  the  point  with  the  intermediate  screened  interval  was  designated 
with  the  suffix  “D”,  and  the  deepest  point  in  the  cluster  was  labeled  “DD”.  All 
installed  monitoring  points  are  shown  on  Figure  4.1.  Those  groundwater  monitoring 
locations  that  are  currently  being  used  to  conduct  quarterly  monitoring  events  are 
-shown  in  relief.  Completion  details  for  the  monitoring  points  and  the  existing 
monitoring  wells  are  summarized  in  Table  4.2. 

Two  previously  installed  monitoring  wells  (MW-1  and  MW-7)  were  destroyed 
during  the  1995  removal  of  the  USTs  immediately  prior  to  the  field  work  conducted  for 
this  study.  Groundwater  samples  were  collected  from  the  remaining  10  monitoring 
wells  identified  on  Figure  4.1.  Groundwater  samples  also  were  collected  from  31  of 
the  34  newly  installed  0.5-inch  monitoring  points.  Samples  were  not  collected  from 
points  ESMP-3S,  ESMP-8D,  and  ESMP-1  IS  because  they  produced  an  insufficient 
volume  of  groundwater.  Groundwater  was  monitored  for  temperature  and  DO  during 
purging.  Groundwater  samples  were  analyzed  in  the  field  by  USEPA  personnel  for 
pH,  conductivity,  reduction/oxidation  (redox)  potential,  total  alkalinity,  hydrogen 
sulfide,  ferrous  iron,  chloride,  sulfate,  nitrogen,  carbon  dioxide,  and  ammonia. 
Results  are  not  available  for  these  field  parameters  from  monitoring  points  ESMP-1  S, 
ESMP-2S,  ESMP-3S,  ESMP-6S,  ESMP-8S,  ESMP-IOS,  ESMP-1  IS,  ESMP-12S,  and 
ESMP-14DD  because  sufficient  groundwater  could  not  be  collected  for  these  analyses. 
Sampling  at  monitoring  points  which  were  purged  dry  occurred  after  allowing  time  for 
groundwater  to  recover  to  approximately  90  percent  of  the  initial  water  level.  The 
volume  from  these  points  was  enough  to  fill  sample  bottles  for  BTEX  analysis  but  was 
generally  insufficient  to  allow  collection  of  a  full  suite  of  samples.  Analyses  for 
methane,  ethene,  fuel  hydrocarbon  compounds,  and  VOCs  were  performed  at  the 
USEPA’s  National  Risk  Management  Research  Laboratory  (NRMRL)  in  Ada, 
Oklahoma.  Free-phase  hydrocarbons  were  encountered  as  mobile  light  non-aqueous- 
phase  liquid  (LNAPL)  in  monitoring  well  MW-5,  and  a  sample  of  the  product  was 
collected  for  analysis  of  the  mass  fraction  of  BTEX. 

All  groundwater  derived  from  purging  and  sampling  was  contained  and  transferred 
to  55-gallon  drums.  The  drums  were  labeled  with  the  date,  contents,  generation 
location,  and  generators.  Drums  were  left  onsite  to  be  disposed  of  by  the  appropriate 
Base  personnel. 
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MONITORING  POINT  AND  EXISTING  WELL  COMPLETION  DETAILS 
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TABLE  4.2  (Continued) 

MONITORING  POINT  AND  EXISTING  WELL  COMPLETION  DETAILS 
HAZARDOUS  WASTE  STORAGE  AREA 
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741.40 

741.40 

741.00 

741.00 

740.20 

740.20 

740.30 

740.30 

739.90 

741.10 

741.60 

741.80 

741.60 

741.70 

O 

d 

741.60 

740.30 

741.40 

o 

00 

d 

Datum 
Elevation 
(ft  msl)^ 

741.38 

741.38 

741.17 

741.18 

741.13 

740.37 

740.28 

740.33 

740.33 

739.87 

743.36 

743.96 

745.15 

744.97 

745.18 

743.89 

745.25 

742.64 

744.15 

743.02 

Northing 

662515 

662515 

662475 

662474 

662476 

662479 

662478 

662598 

662601 

662495 

662544 

662599 

662691 

662617 

662524 

662431 

662643 

662544 

662429 

662394 

Easting 

1845072 

1845071 

1845102 

1845103 

1845103 

1845143 

1845145 

1845132 

1845130 

1845192 

00 

»n 

oo 

1844999 

1844979 

1845051 

1844991 

1845159 

1845083 

1845165 

1845017 

1845120 

Installation 

Date 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

2/24/95 

7/29/88 

8/10/88 

1/29/90 

1/31/90 

1/30/90 

1/30/90 

2/9/90 

10/14/91 

10/15/91 

10/15/91 

Location 

ESMP-13S 

ESMP-13D 

ESMP-14S 

ESMP-14D 

ESMP-14DD 

ESMP-15S 

ESMP-15D 

ESMP-16S 

ESMP-16D 

ESMP-17S 

MW-2 

MW-3 

1 

MW-5 

MW-6 

00 

MW-9 

MW- 10 

MW- 11 

MW- 12 

«  a 


"  i 

>  O 


ca  ~ 


£ 


4-9 


U:\45025\tablcs\CP4-2.XLS  1 0/4/95 


Revised  from  10/95  Version 
Resubmitted  10/11/96  for  Review 


4.3  1995/1996  GROUNDWATER  MONITORING  EVENTS 

IT  Corporation  (1996)  collected  field  and  analytical  data  in  August  1995,  December 
1995,  and  March  1996  to  compare  against  data  collected  in  February/March  1995  as 
part  of  the  natural  chemical  attenuation  investigation.  These  data  may  be  particularly 
useful  in  evaluating  contaminant  trends  over  time,  as  well  as  identifying  physical  site 
conditions  that  may  impact  the  effectiveness  of  natural  chemical  attenuation  processes. 
Groundwater  wells  sampled  as  part  of  these  monitoring  events  are  shown  in  relief  on 
Figure  4.1. 

4.4  SUMMARY  OF  SITE  CONDITIONS 
4.4.1  Geology  and  Hydrogeology 

Site  geology  and  hydrogeology  has  been  characterized  from  data  compiled  from  all 
site  investigations.  These  data  consisted  of  stratigraphic  information  recorded  during 
borehole/ monitoring  well  installation  and  CPT  investigations  as  well  as  hydrogeologic 
data  such  as  water  level  measurements  and  slug  tests. 

Twelve  monitoring  wells  and  15  soil  borings  were  completed  at  the  HWSA  during 
pre-closure  sampling  activities.  The  borings  (including  wells)  ranged  in  depth  from  10 
to  27  feet  bgs.  Soil  from  the  ground  surface  down  to  8  feet  bgs  consists  of  a  medium- 
brown,  silty  clay,  with  trace  amounts  of  pebbles.  This  unit  grades  into  a  grayish  silty 
clay  till  present  from  8  to  14  feet  bgs,  with  moisture  encountered  at  10  feet  bgs.  This 
moist,  silty  clay  layer  is  immediately  underlain  by  the  shallow  water-bearing  zone. 
Wet,  fine  to  medium-grained,  brown,  sandy  gravel  is  present  from  14  to  18  feet  bgs. 
The  water-bearing  zone  has  some  interbedded  thin  layers  of  fine,  well-sorted  brown 
sands  and  fine-  to  medium-grained  gray  sandy  gravel.  Upon  equilibration  in  most 
monitoring  wells,  the  static  water  level  was  approximately  10  feet  bgs.  The  shallow 
water-bearing  zone  is  separated  from  a  second  water-bearing  zone  by  a  confining  layer 
of  hard,  dense  gray  clay  from  18  to  19  feet  bgs.  Immediately  below  this  confining 
layer  is  a  6-foot-thick  fine  to  medium-grained  gray,  sandy  gravel  interbedded  with  thin 
layers  of  fine-grained,  well-sorted  brown  sands  and  dense  gray  clays.  Whether  these 
sand  layers  represent  two  distinct  water-bearing  zones  or  become  one  continuous  unit 
away  from  the  HWSA  is  unknown.  The  6-foot-thick  sand  and  gravel  interval  is 
underlain  by  a  hard  dense  gray  clay  to  at  least  27  feet  bgs  (cross-section  B-B', 
Appendix  B). 

Soil  boreholes  elsewhere  on  the  Base  penetrated  over  40  feet  of  silty  clay  soil 
beneath  the  stratigraphic  unit  represented  by  the  second  water-bearing  zone.  This  clay 
unit  acts  as  a  barrier  to  vertical  migration  of  contaminants  toward  the  aquifer  formerly 
used  for  the  Base  water  supply,  which  is  more  than  100  feet  bgs. 

Groundwater  is  confined  in  the  sand  aquifer  by  the  till  layer  and  generally  attains  a 
static  level  of  approximately  10  feet  bgs  in  the  monitoring  wells.  The  groundwater 
potentiometric  surface  as  interpreted  from  the  water  level  measurements  collected  in 
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1990  from  the  monitoring  wells  is  illustrated  in  Figure  B.3,  in  Appendix  B.  On  the 
basis  of  these  data,  the  groundwater  flow  direction  was  previously  interpreted  as  being 
toward  the  southeast,  with  a  gradient  of  approximately  0.02  foot  per  foot  (ft/ft).  The 
Pre-Closure  Sampling  Report  and  the  Addendum  to  the  Pre-Closure  Sampling  Report 
(Engineering-Science,  Inc.,  1992a  and  1992b)  present  further  discussion  of  site 
hydrogeology. 

The  monitoring  points  installed  in  February  1995  provide  greater  areal  coverage 
than  was  previously  available.  Various  interpretations  of  groundwater  elevation  data 
collected  in  1995  and  1996  implied  a  localized  groundwater  depression  in  the  vicinity 
of  the  HWSA.  IT  Corporation  (1996)  recognized  that  accurate  potentiometric  surface 
maps  could  not  be  prepared  using  data  collected  at  monitoring  points/wells  screened 
across  geologically  dissimilar  units.  Although  it  is  inappropriate  to  use  only 
monitoring  wells  to  construct  a  potentiometric  surface  map  (IT  Corporation,  1996), 
available  data  from  sampling  locations  screened  across  hydrogeologically  similar  units 
can  be  used.  Specifically,  sampling  points  or  wells  screened  across  the  gray  silty  clay 
unit  (about  8  to  14  feet  bgs)  can  be  expected  to  have  groundwater  elevations  that  differ 
from  the  underlying  sandy  gravel.  Although  the  groundwater  table  occurs  at 
approximately  10  feet  bgs,  the  gray  silty  clays  are  less  permeable  than  deeper  water¬ 
bearing  units.  Sampling  points  or  wells  screened  across  the  sandy  gravel  unit  (about  14 
to  18  feet  bgs)  are  believed  to  be  within  the  shallow,  more  permeable  flow  zone. 
These  wells  also  would  be  expected  to  yield  sufficient  water  to  permit  purging  and 
sampling,  as  evidenced  by  recent  sampling  events  (IT  Corporation,  1996).  Sampling 
points  or  wells  screened  below  the  thin  dense  clay  layer  in  the  sandy,  gray  clays 
occurring  below  19  feet  bgs  also  may  exhibit  different  flow  characteristics  than 
encountered  in  shallower  units.  Those  sampling  points  or  wells  screened  across  two 
different  units  are  likely  to  reflect  hydrogeologic  characteristics  similar  to  the  more 
permeable  zone. 

Figures  4.2  through  4.4  present  the  potentiometric  surface  maps  constructed  from 
data  collected  at  both  shallow-  and  deep-screened  sampling  locations  in  March  1995, 
December  1995,  and  March  1996.  The  data  generally  suggest  a  potential  preferential 
flow  path  toward  the  northeast.  However,  additional  data  from  the  northeast  and 
southwest  are  necessary  to  verify  this  conclusion.  Additional  assessment  activities 
will  be  undertaken  at  the  site  to  address  this  issue,  particularly  as  it  relates  to 
optimizing  final  remedial  design  and  establishing  long-term  closure  objectives. 
Contaminant  distribution  data  presented  in  subsequent  discussions  further  support  this 
interpretation. 

Hydraulic  conductivities  were  estimated  from  the  rising  head  slug  tests  conducted  in 
early  1995;  the  results  are  summarized  in  Table  4.3.  Values  for  the  hydraulic 
conductivity  ranged  from  0.13  feet  per  day  (ft/day)  to  2.79  ft/day.  The  average 
hydraulic  conductivity  at  the  HWSA,  as  determined  from  these  tests,  is  1.03  ft/day. 
Using  a  reported  hydraulic  gradient  of  0.02  ft/ft  and  assuming  an  effective  porosity  of 
about  0.3,  the  linear  advective  velocity  of  groundwater  at  the  HWSA  is  about  25  feet 
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TABLE  4.3 

HYDRAULIC  CONDUCTIVITY  (K)  VALUES  FROM  SLUG  TESTS,  MARCH  1995 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Well  K  (ft/min) _ K  (ft/day) 


MW-4 

5.23E-04 

0.75 

MW-4 

4.59E-04 

0.66 

_ 

MW-6 

1.94E-03 

2.79 

MW-6 

9.01E-04 

1.30 

^ _ 

MW-9 

8.77E-04' 

1.26 

MW-9 

6.56E-04 

0.94 

■ _ 

MW- 12 

9.88E-05 

0.14 

MW-12 

8.98E-05 

0.13 

Average  K 

7.17E-04 

1.03 

Minimum  K 

8.98E-05 

0.13 

Maximum  K 

1.94E-03 

2.79 
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per  year  (ft/yr).  In  comparison,  IT  Corporation  (1996)  estimated  linear  groundwater 
velocity  at  the  site  to  range  from  less  than  3.6  to  about  33  ft/yr. 

4.4.2  Extent  of  Contamination 

4.4.2.1  Soil 

The  network  of  boreholes  and  wells  has  defined  the  extent  of  soil  contamination 
attributable  to  HWSA  operations.  Analytical  data  for  the  investigations  prior  to  1995 
are  summarized  in  Appendices  A  and  B.  Results  of  previous  investigations  at  the 
HWSA  indicate  that  VOCs,  SVOCs,  and  metals  are  present  in  the  surface  and 
subsurface  soils  at  the  site. 

The  network  of  borings  and  wells  installed  before  1995  defined  the  extent  of  soil 
contamination  potentially  attributable  to  HWSA  operations.  The  horizontal  extent  of 
VOCs  in  soil  is  defined  by  the  non-detect  results  for  MW-4,  MW-10,  MW-11,  and 
MW- 12  (see  attached  sheets).  The  vertical  extent  of  VOCs  in  soil  was  defined  by  soil 
borings  ABU,  AB12,  ABM,  and  AB15.  VOCs  were  initially  detected  in  only  two  of 
the  deeper,  saturated  soil  samples:  benzene  was  detected  at  6  micrograms  per  kilogram 
(pg/kg)  at  21-23  feet  bgs,  and  trichloroethene  (TCE)  was  detected  at  4J  pg/kg  at  25-27 
feet  bgs. 

Because  the  extent  of  shallow  SVOC  soil  contamination  extends  beyond  HWSA 
boundaries  at  the  southwest  corner,  this  contamination  probably  originated  offsite. 
This  conclusion  is  based  upon  the  occurrence  of  the  highest  SVOC  concentrations  in 
soil  samples  SS-3  and  SS-4  collected  outside  the  site  fence  near  the  western  corner  of 
the  HWSA  (see  attached  sheets).  However,  the  vertical  extent  of  SVOC  soil 
contamination  is  similar  to  that  defined  for  VOCs  in  soil.  No  SVOCs  were  detected  in 
soil  samples  collected  from  below  20  feet  bgs. 

Background  sampling  for  metals  in  soils  was  conducted  during  previous  site 
investigations  for  the  IRP.  Seven  sampling  locations  were  used  to  determine 
background  metals  concentrations.  The  extent  of  metals  in  soils  at  the  site  was  defined 
by  the  network  of  borings  and  surface  soils  samples.  Metal  concentrations  in  excess  of 
established  background  concentrations  were  detected  sporadically  in  soil  samples  from 
the  HWSA  (see  attached  sheets).  Table  4.4  presents  a  comparison  of  the  detected 
concentrations  of  metals  in  onsite  soils  to  USEPA  (19946)  soil  screening  levels  (SSLS) 
established  for  the  residential  exposure  scenario.  A  few  of  the  detected  compounds 
exceed  those  levels  designed  to  be  protective  of  onsite  residents  via  incidental  ingestion 
of  soil  (arsenic,  beryllium)  and  leaching  from  soils  into  onsite  groundwater  used  as  a 
potable  water  source  (arsenic,  cadmium,  chromium,  nickel,  and  thallium).  The 
residential  exposure  scenario  is  not  proposed  to  reflect  current  or  reasonable  future  land 
use  scenarios  for  the  HWSA. 

Possible  sources  of  nonsite-related  contaminants  are  a  former  coal-fired  power  plant 
and  coal  storage  pile  west  of  the  site,  and  the  maintenance  storage  area  southwest  of  the 
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TABLE  4.4 

COMPARISON  OF  METALS  DETECTED  IN  SOIL 
TO  USEPA  SOIL  SCREENING  LEVELS  (SSLs) 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
_ RICKENBACKER  ANGB,  OHIO _ 


Compound 

Soil 

Interval 
(feet  bgs) 

Detected 

Range 

(mg/kg/) 

Pathway-specific  values  for 
surface  soils 
(mg/kg) 

Migration  to  groundwater 
pathway  levels 
(mg/kg) 

Ingestion 

Inhalation 

With  10 

DAF 

Arsenic 

0-2 

15,6-42 

0.4“ 

380" 

15” 

Beryllium 

0-2 

0.39-0.96 

0.1“ 

690“ 

O 

00 

Cadmium 

0-2 

0.37-9.1 

39' 

920“ 

6” 

Copper 

0-2 

45.3  -73.1 

2,900'* 

e 

- 

Lead 

0-2 

22.4  -  187 

400^ 

- 

- 

Mercury 

0-2 

2.6 

23' 

^b,c 

3” 

Nickel 

0-2 

60 

1,600' 

6,900" 

21” 

Silver 

0-2 

1,8 -7.2 

390' 

- 

- 

Zinc 

0-2 

179  -  522 

23,000' 

- 

42,000”' 

Arsenic 

3-5 

16.8-29 

0.4“ 

380" 

15” 

Beryllium 

3-5 

0.45  -  1.0 

0.1“ 

690" 

180” 

Cadmium 

3-5 

0.35-6.9 

39' 

920" 

6” 

Copper 

3-5 

49.3 

2,900'* 

- 

- 

Chromium 

3-5 

28.6 

390' 

140" 

19” 

Lead 

3-5 

20.7  -  382 

400^ 

- 

- 

Thallium 

3-5 

1.1  -  1.2 

- 

- 

0.4” 

Zinc 

3-5 

166 

23,000' 

- 

42,000”' 

Arsenic 

8-10 

15.7-26 

0.4“ 

380" 

15” 

Beryllium 

8-10 

0.54-0.79 

0.1“ 

690" 

180” 

Cadmium 

8-10 

0.33-0.55 

39' 

920" 

6” 

Lead 

8-10 

22.8 

O 

o 

- 

- 

Selenium 

8-10 

1.7 

390' 

- 

3” 

Thallium 

8-10 

10.5 

- 

0.4” 

Arsenic 

13-15 

15.8 

0.4“ 

U) 

00 

o 

15” 

Beryllium 

13-15 

0.67-0.75 

0.1“ 

690" 

00 

o 

cr 

Cadmium 

13-15 

0.37-0.72 

39' 

920" 

6” 

Copper 

13-15 

38.5  -57.4 

2,900'* 

- 

- 

Lead 

13-15 

25.5-37 

O 

o 

- 

- 

Mercury 

13-15 

0.096 

23' 

3” 

Arsenic 

14-16 

16.9 

0.4“ 

380“ 

15” 

Copper 

15-17 

51.3 

2,900'* 
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TABLE  4.4 

COMPARISON  OF  METALS  DETECTED  IN  SOIL 
TO  USEPA  SOIL  SCREENING  LEVELS  (SSLs) 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
_ RICKENBACKER  ANGB,  OHIO _ 


Compound 

Soil 

Interval 
(feet  bgs) 

Detected 

Range 

(mg/kg/) 

Pathway-specific  values  for 
surface  soils 
(mg/kg) 

Migration  to  groundwater 
pathway  levels 
(mg/kg) 

Ingestion 

Inhalation 

With  10 

DAF 

Copper 

17-19 

42.8 

2,900'^ 

- 

- 

Mercury 

17-19 

0.17 

23' 

^b,c 

3*’ 

Arsenic 

21-23 

61.2 

0.4" 

380" 

15' 

Copper 

21-23 

42.9  -  46 

2,900*^ 

- 

- 

Mercury 

21-23 

0.087 

23' 

/yb,C 

3*” 

Beryllium 

25-27 

0.72 

0.1' 

690' 

o 

00 

Mercury 

25-27 

0.16 

23' 

'ybjC 

3*’ 

^  Calculated  values  correspond  to  a  cancer  risk  level  of  1  in  1,000,000. 

SSL  for  pH  of  6.8. 

Calculated  values  correspond  to  a  noncancer  hazard  quotient  of  1. 

^  Calculated  using  EPA  SSL  Guidance,  1996  ingestion  equation  using  the  Heast  value  for  the 
essential  nutrient  copper. 

No  toxicity  criteria  available  for  that  route  of  exposure. 

^  A  preliminary  remediation  goal  of  400  mg/kg  has  been  set  for  lead  based  on  Revised  Interim  Soil  Lead 
Guidance  for  CERCLA  Sites  and  RCRA  Corrective  Action  Facilities,  OWSER  Directive  #9355.4-12, 
Office  of  Solid  Waste  and  Emergency  Response,  U.S.  EPA,  Washington,  DC,  July  14,  1994. 

NOTE;  Arsenic,  cadmium,  mercury,  nickel,  selenium,  and  zinc  have  the  potential  for 
soil-plant-human  exposure. 

Source:  USEPA  Soil  Screening  Guidance,  1996. 
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site.  The  association  of  SVOCs  and  metals  is  common  in  contamination  from  the 
outfall  of  coal  burning.  The  HWSA  is  downwind  of  the  coal-fired  boiler  smokestack 
and  storage  pile  and  the  contaminants  are  believed  to  originate  from  the  coal  burning 
and  storage. 

4. 4.2.2  Groundwater 

The  horizontal  extent  of  VOCs  in  groundwater  prior  to  1995  was  defined  by  the 
nondetect  results  obtained  for  water  samples  from  groundwater  screening  and 
groundwater  results  for  MW-4,  MW-9,  MW- 10,  MW-1 1  and  MW- 12,  and  by  the  very 
low  concentrations  of  VOCs  detected  in  groundwater  samples  from  MW-8  (Sheet  6). 

The  elevated  concentrations  of  chlorinated  VOCs  in  the  groundwater  may  indicate 
that  residual  non-aqueous-phase  liquids  (NAPLs)  may  be  present  at  the  HWSA.  The 
highest  concentration  of  a  compound  denser  than  water  detected  in  groundwater  prior  to 
1995  was  2,000  micrograms  per  liter  (jug/L)  of  TCE.  This  concentration  was  measured 
at  MW-6  (Appendix  A,  p.  A- 14;  Sheet  5).  A  higher  concentration  of  TCE  (9,580 
)ug/L  )  was  detected  in  this  well  in  1995.  Concentrations  of  compounds  must  be  within 
about  1  percent  of  the  solubility  limit  of  that  compound  before  the  presence  of  NAPE 
would  be  suspected  (USEPA,  1993).  The  solubility  of  TCE  is  1,100,000  /ig/L; 
therefore,  the  concentration  of  TCE  would  need  to  approach  about  1 1 ,000  pg/L  before 
a  NAPE  source  was  suspected.  The  solubility  limits  for  other  compounds  present  at  the 
site  are  shown  in  Appendix  A,  Table  A.  1. 

Groundwater  samples  were  collected  from  the  10  remaining  monitoring  wells  and 
from  31  of  the  34  monitoring  points  installed  in  February  1995.  Groundwater  samples 
also  were  collected  from  19  monitoring  wells  and  points  in  August  1995,  December 
1995,  and  March  1996  as  part  of  the  quarterly  groundwater  monitoring  program  (IT 
Corporation,  1996).  The  results  of  the  analyses  performed  on  these  samples  are 
discussed  in  the  following  sections  both  to  further  define  the  extent  of  contamination 
and  to  document  the  potential  for  natural  chemical  attenuation. 

The  areal  distribution  of  dissolved  BTEX  in  groundwater  for  February/March  1995, 
August  1995,  December  1995,  and  March  1996  is  presented  on  Figure  4.5.  There  are 
several  samples  from  monitoring  wells  or  monitoring  points  that  contained  low 
concentrations  (<5  pg/E)  of  BTEX  compounds  that  are  not  included  in  the  extent  of 
the  plume  as  illustrated  in  Figure  4.5.  These  data  points  are  not  included  in  the  extent 
of  the  plume  because  they  are  below  regulatory  groundwater  standards.  The  results  of 
analyses  performed  on  samples  collected  on  all  of  these  samples  are  summarized  in 
Table  4.5.  Eaboratory  reports  are  included  in  Appendices  D  and  E. 

The  maximum  observed  total  BTEX  concentration  in  February/March  1995  was 
963.26  pg/E  in  the  sample  collected  from  monitoring  point  ESMP-13S.  This  sample 
also  exhibited  the  highest  observed  benzene  concentration  of  424.18  pg/E.  The  vertical 
extent  at  this  location  was  defined  by  the  sample  collected  from  ESMP-13D  where  total 
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TABLE  4.5 

BTEX  AND  CHLORINATED  VOCs  DETECTED  IN  GROUNDWATER 
FEBRUARY-MARCH,  1995 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
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BTEX  was  not  measured  above  detection  limits.  The  ESMP-I3  cluster  is  located 
adjacent  to  the  4  former  25,000-gallon  USTs  in  the  direction  of  groundwater  flow. 
The  next  highest  total  BTEX  concentrations  were  observed  in  the  sample  collected  from 
MW-5,  where  free  product  has  been  removed  in  the  past  and  where  the  free  product 
thickness  in  February  1995  was  measured  as  0.35  foot.  The  total  BTEX  concentration 
in  this  sample  in  February/March  1995  was  753.03  pg/L,  with  a  benzene  concentration 
of  17.19  pg/L.  A  sample  of  the  product  also  was  collected  from  MW-5,  and  analysis 
yielded  a  total  BTEX  concentration  of  627  pg/L  with  a  nondetectable  quantity  of 
benzene,  indicating  a  severely  weathered  product.  The  ESMP-16  cluster  is  located 
approximately  50  feet  downgradient  from  MW-5.  The  total  BTEX  concentration  at 
ESMP-16S  in  February/March  1995  was  471.33  pg/L,  with  a  benzene  concentration  of 
89.18  pg/L.  In  the  sample  collected  from  ESMP-16D,  the  total  BTEX  concentration 
was  95.36  pg/L,  with  a  benzene  concentration  of  6.46  pg/L. 

In  August  1995,  the  maximum  concentration  of  total  BTEX  was  430  pg/L  in  ESMP- 
13S.  This  is  a  decrease  of  about  55  percent  from  the  concentration  observed  in 
February/March  1995.  In  December  1995,  the  maximum  concentration  of  total  BTEX 
was  509  pg/L  at  the  same  sampling  location.  Although  this  represents  an  increase  from 
August  1995  levels,  this  is  still  about  45  percent  less  than  that  measured  in 
February/March  1995.  In  March  1996,  the  maximum  total  BTEX  concentration  was 
only  440  pg/L  at  ESMP-13S.  Similar  to  the  August  1995  data  set,  this  represents  a 
decrease  of  about  55  percent  from  the  February/March  1995  levels  (or  at  least 
relatively  no  change  since  August  1995). 

Figure  4.5  illustrates  that  the  dissolved  BTEX  plume  does  not  appear  to  be 
expanding  in  areal  extent  over  the  last  year.  Because  concentrations  of  total  BTEX  are 
generally  decreasing  throughout  the  plume  without  significant  horizontal  or  lateral 
migration,  field-scale  data  suggest  that  natural  chemical  attenuation  processes, 
specifically  biodegradation,  are  operating  at  this  site. 

Chlorinated  VOCs  were  measured  in  groundwater  roughly  coincident  with  elevated 
BTEX  concentrations  during  all  of  the  1995  and  completed  1996  sampling  events 
(Figure  4.6).  The  distribution  of  the  chlorinated  VOCs  in  the  groundwater  is  believed 
to  be  the  result  of  multiple  release  events  while  the  HWSA  was  being  used  to  store 
waste  oils  and  fuels.  Chlorinated  VOCs  were  detected  in  samples  collected  from 
ESMP-2D,  ESMP-3S,  ESMP-3D,  ESMP-4S,  ESMP-4D,  ESMP-6D,  ESMP-IOS, 
ESMP-12S,  ESMP-13S,  ESMP-14D,  ESMP-17S,  MW-3,  and  MW-6.  Concentrations 
of  TCE  ranged  from  1  pg/L  (MW-3,  ESMP-3S,  ESMP-IOS)  to  about  9,600  pg/L  in 
the  sample  from  MW-6  in  February/March  1995.  Concentrations  of  1,1- 
dichloroethene  (1,1-DCE)  ranged  from  1.3  pg/L  (ESMP-13S)  to  11.7  pg/L  (ESMP- 
17S)  in  February/ March  1995.  Concentrations  of  trans-1 ,2-DCE  range  from  1  pg/L 
(ESMP-2D)  to  300  pg/L  (ESMP-13S)  and  concentrations  of  cis-l,2-DCE  range  from  1 
pg/L  (ESMP-2D)  to  4,913  pg/L  (ESMP-17S).  Cis-1,2-DCE  is  known  to  be  the 
transformation  product  of  TCE  biodegradation.  1 ,2-dichloroethane  (1,2-DCA)  was 
encountered  at  one  location  in  February/March  1995  (ESMP-12S)  at  a  concentration  of 
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220  |J.g/L.  Concentrations  of  vinyl  chloride,  a  degradation  product  of  DCE,  range 
from  1  pg/L  (ESMP-4S,  ESMP-14S)  to  1,570  pg/L  (ESMP-17S)  in  February/March 
1995. 

In  comparison,  chlorinated  VOC  analytical  data  collected  in  August  1995  indicated  a 
maximum  TCE  concentration  of  9,580  pg/L  at  MW-6.  This  is  almost  identical  to  the 
maximum  concentration  of  TCE  detected  at  the  sample  location  in  February/March 
1995.  In  December  1995,  the  maximum  TCE  concentration  was  only  180  pg/L, 
measured  at  MW-6.  This  represents  a  concentration  reduction  of  about  99  percent 
from  August  1995.  In  March  1996,  the  maximum  concentration  of  TCE  detected  at  the 
site  (MW-6)  was  770  pg/L.  This  represents  an  increase  from  the  December  1995 
levels,  although  a  decrease  of  about  92  percent  from  earlier  1995  data. 

Because  DCE  is  a  biotransformation  product  of  TCE,  it  may  be  useful  to  track 
contaminant  trends  of  this  compound  over  time.  In  February /March  1995,  the 
maximum  concentration  of  cis-l,2-DCE  was  5,065  pg/L  (ESMP-17S).  In  August 
1995,  the  maximum  concentration  of  DCE  increases  to  7,730  pg/L  (ESMP-17S).  This 
represents  an  increase  (or  production)  of  about  34  percent.  In  December  1995,  DCE 
concentrations  were  reduced  to  about  4,500  pg/L.  In  March  1996,  DCE  concentrations 
had  been  reduced  to  2,900  pg/L  (ESMP-17S).  These  reductions  may  be  attributable  to 
reductions  in  the  parent  compound  TCE  or  subsequent  transformations  to  vinyl 
chloride.  This  line  of  evidence  will  be  further  explored  in  Section  5. 

The  February /March  1995  maximum  concentration  of  vinyl  chloride,  the  least 
chlorinated  of  the  VOCS  detected  at  the  site,  was  1,570  pg/L  (ESMP-17S).  In  August 

1995,  the  maximum  concentration  of  vinyl  chloride,  which  was  measured  at  the  same 
sampling  location,  was  930  pg/L.  In  December  1995,  the  maximum  concentration  of 
vinyl  chloride  increased  to  1,200  pg/L.  The  production  of  vinyl  chloride  could 
indicate  that  further  dechlorination  of  TCE  and  DCE  is  occurring  at  the  site.  In  March 

1996,  vinyl  chloride  decreased  at  ESMP-17S  TO  690  pg/L.  More  recent  data  suggest 
that  the  concentration  of  vinyl  chloride  appears  to  be  decreasing  over  time.  This  line 
of  evidence  will  be  revisited  in  Section  5. 

Results  of  the  analyses  performed  on  samples  collected  during  all  of  these  more 
recent  sampling  events  are  summarized  in  Table  4.5.  Laboratory  reports  are  presented 
in  Appendix  E. 
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SECTION  5 

PROPOSED  CLOSURE  APPROACH 


This  section  describes  the  actions  proposed  to  be  implemented  at  the  HWSA  to 
facilitate  closure  of  the  unit.  To  implement  closure  of  both  contaminated  soils  and 

groundwater,  the  following  activities  have  been  completed  or  are  proposed  to  be 
completed: 

•  Decontamination  of  Building  560  by  cleaning  the  building  and  the  drum  wash  pad 
(completed  April  1996); 

•  Removal  of  the  remaining  four  USTs  (completed  February  1995); 

Limited  in  situ  remediation  of  organic  soil  contamination  via  passive  or  air 
injection  bioventing; 

•  Natural  oxidation  of  residual  dissolved  BTEX  and  natural  reductive 
dehalogenation  of  residual  dissolved  chlorinated  VOCs  (in  progress); 

In  situ  remediation  of  residual  dissolved  chlorinated  VOCs  via  groundwater 
amendment  (passive  or  active  oxygenation),  if  necessary; 

•  Continued  monitoring  and  site  access  controls  as  part  of  post-closure 
commitments;  and 

Eventual  exposure  control  by  installation  of  taxiway  (proposed  as  future  land 
use). 

Additional  assessment  activities  will  be  completed  to  optimize  the  final  design  of 
the  closure  approach  and  to  establish  long-term  performance  standards/closure 
0  jectives  for  the  site.  Should  these  proposed  actions  prove  insufficient  to  meet 
closure  objectives,  the  AFBCA  has  retained  will  reconsider  installation  of  a  cap  and 

implementation  of  a  groundwater  extraction  and  treatment  system  as  possible  high-cost 
contingency  actions. 
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5.1  SUMMARY  OF  DECONTAMINATION  OF  BUILDING  560 

5.1.1  Building  and  Pad  Decontamination  Activities 

Acids  and  spent  desiccants  were  the  most  common  types  of  waste  stored  in  Building 
560.  The  decontamination  of  Building  560  was  completed  as  part  of  the  IRP  in  April 
19965.  Details  of  the  decontamination  activities,  including  analytical  results  from  | 
post-decontamination  sampling,  are  presented  in  a  recent  technical  report  (AFCEE, 
1996).  The  following  briefly  summarizes  these  activities. 

The  decontamination  plans  for  the  building  included; 

•  Removing  all  items  inside  the  building  to  facilitate  decontamination  activities; 

•  Vacuuming  the  building  to  remove  dust,  dirt,  and  debris; 

Washing  the  floor,  walls,  shelving  of  the  building  and  the  drum  wash  pad  with  a 

hot  water  pressure  washer,  scrub  brushes,  and  an  all-purpose  household-type 
detergent;  and 

•  Triple  rinsing  all  surfaces  with  hot  water. 

Specific  information  on  personnel  safety  and  equipment  decontamination  procedures 
that  were  followed  as  part  of  this  activity  is  presented  in  Section  7  of  this  report. 

All  wash  and  rinse  water  generated  during  decontamination  activities  were  collected 
using  a  wet/dry  vacuum  and  transferred  to  a  skid-mounted  storage  tank  for  testing  and 
disposal.  After  rinsing  with  the  hot  water,  rinseate  samples  to  be  tested  analytically  to 
determine  the  effectiveness  of  the  decontamination  activities  were  collected.  These 
rinseate  samples  were  collected  by  pouring  high  performance  liquid  chromatography 
(HPLC)  water  over  the  target  media.  The  accumulated  HPLC  water  was  then  collected 
or  analysis.  Until  analytical  results  were  received,  the  storage  tank  for  the 
decontamination  liquids  was  managed  in  compliance  with  all  applicable  hazardous 
waste  tank  requirements  of  the  Ohio  Administrative  Code  (OAC)  3745-66-90  through 


5.1.2  Documenting  Complete  Decontamination 

HPLC  rinseate  samples  were  submitted  to  a  laboratory  and  analyzed  using  the 
methods  listed  m  Table  5.1.  Note  that  only  representative  analytes  for  each  method 
with  their  respective  reporting  limits  (laboratory  method  detection  limits  [MDLs])  | 
are  provided.  The  building  floor,  walls,  shelving,  and  drum  wash  pad  were  to  be 

considered  clean  if  the  HPLC  rinseate  from  the  cleaning  operation  meets  the  following 
standards: 
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TABLE  5.1 

HPLC  RINSEATE  ANALYTE  LIST 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Compound 

Reporting  Limit  (^ig/L) 

SW8240  -  GC/MS  Volatile  Organics 

Acetone 

0.8 

Benzene 

0.3 

Chlorobenzene 

0.1 

Chloromethane 

0.7 

Chloroform 

0.5 

1,1-DichIoroethane 

0.5 

cis-Dichloroethene 

0.2 

trans-Dichloroethene 

0.4 

Dichloromethane 

0.8 

Ethylbenzene 

0.3 

Methyl  ethyl  ketone  (2-butanone) 

2 

1 ,1 ,2,2-Tetrachloroethane 

0.6 

Tetrachloroethene 

0.5 

1,1,1  -Trichloroethane 

0.5 

1 , 1 ,2-Trichloroethane 

0.5 

Trichloroethene 

0.2 

Toluene 

0.6 

Vinyl  Chloride 

0.6 

m/p-Xylenes 

0.4 

o-Xylene 

0.3 

SW8270  -  GC/MS  Semivolatile  Organics 

Acenaphthalene 

10 

Anthracene 

10 

m,  p,  and  o-Dichlorobenzene 

10 

Flourene 

10 

Fluoranthene 

10 

Hexachlorobenzene 

10 

2-Methylnaphthalene 

10 

Naphthalene 

10 

Phenanthrene 

10 

Phenol 

10 

Pyrene 

10 

1 ,2,4-Trichlorobenzene 

10 

S W 80 1 0  -  Organochlorine  Pesticides  and  PCBs 

4,4’-DDE 

0.02 

4,4'-DDT 

0.1 

Dieldrin 

0.02 

Endrin 

0.05 

Heptachlor 

0.02 

PCB-1221 

0.5 

PCB-1232 

0.5 

Toxaphene 

1 

-  - - 

Cadmium 

0.5 

Chromium 

1 

Cobalt 

20 

Lead 

2 

Nickel 

20 

Source;  Halliburton  NUS,  1996 
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•  The  federal  public  drinking  water  maximum  contaminant  level  (MCL)  for  as 
promulgated  in  40  CFR  141.11  and  OAC  3745-81-11  for  inorganics  and  40  CFR 
141. 12  and  OAC  3745-81-12  for  organics; 

If  an  MCL  is  not  available  for  a  particular  contaminant,  then  fifteen  times  the 
federal  maximum  contaminant  level  goal  (MCLG)  as  promulgated  in  40  CFR 
141.50  shall  be  used  as  the  clean  standard;  or 

•  If  the  product  of  fifteen  times  the  MCL  or  MCLG  exceeds  1  mg/L  or  if  neither 
an  MCL  nor  an  MCLG  is  available  for  a  particular  contaminant,  1  mg/L  shall  be 
used  as  the  clean  standard. 

If  the  MCL  or  MCLG  is  less  than  the  contaminant's  analytical  detection  limit  using 
methods  found  in  the  USEPA  SW846  document  {Test  Methods  for  Evaluation  Solid 

Waste:  Physical/ Chemical  Methods),  fifteen  times  the  SW846  analytical  detection  limit 
shall  be  used  as  the  clean  standard. 

Only  a  few  of  the  analytes  listed  in  Table  5.1  were  detected  in  the  HPLC  rinseate 
samples  at  concentrations  slightly  above  the  laboratory  MDL.  No  compounds  werewas 
detected  at  concentrations  in  the  rinseate  water  above  the  “clean”  standards  listed  above 
Consequently,  the  decontamination  of  Building  560  and  the  concrete  pad  are  considered 

complete.  Analytical  results  and  supporting  documentation  are  provided  elsewhere, 
(AFCEE,  1996). 

5.1.3  Wastewater  Management 

All  wash  and  rinse  water  generated  during  the  above-described  decontamination 
procedures  were  pumped  into  a  temporary  holding  tank.  A  representative  sample  of 
conteinerized  water  was  collected  and  analyzed  for  volatiles,  semi-volatiles, 
pestiCides/PCBS,  metals,  and  pH.  Because  none  of  the  analytes  exceeded  the  “clean” 
standards  listed  above,  the  containizered  waste  did  not  need  to  be  managed  as  a  listed 
hazardous  waste.  On  May  13,  1996,  the  AFBCA  requested  the  city  of  Columbus  to 
approve  a  300-gallon  wastewater  discharge  to  the  Columbus  sewer  system.  After 
leceiving  approval  from  the  City  of  Cohimbiis  on  May  30,  1996,  the  AFBCA 

discharged  the  wastewater  to  the  sanitary  sewer  located  near  Building  560  on  June 
4,  1996.  ^ 

5.2  UNDERGROUND  STORAGE  TANK  REMOVAL 

The  four  former  USTs  present  adjacent  to  the  site  were  removed  on  February  16 
and  17,  1995  by  Ogden  Environmental  and  Energy  Services,  Inc.  (Ogden,  1995).  The 
following  summary  describes  tasks  performed  during  the  tank  removal  process.  All 
applicable  guidelines  of  the  Ohio  Department  of  Commerce,  Division  of  State  Fire 
Marshal,  Bureau  of  Underground  Storage  Tank  Regulations  were  followed. 
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On  February  16,  1995,  the  contents  of  the  four  25,(X)0-gallon  USTs  were  inspected 
and  sampled.  Following  sampling  and  prior  to  tank  removal,  the  contents  of  the  tanks 
were  pumped  out,  transported  offsite,  and  recycled.  During  the  excavation  process,  a 
water  line  located  near  the  western  end  of  the  USTs  was  damaged,  resulting  in  flooding 
of  the  excavation.  Two  monitoring  wells  (MW-1  and  MW-7)  were  also  removed 
during  the  excavation  process. 

The  water  that  had  entered  the  USTs  was  treated  onsite  by  Petro’s  mobile  water 
treatment  unit  before  it  was  discharged  to  the  closest  sanitary  sewer  inlet.  The  water 
pipe  was  disposed  offsite  on  February  28,  1995  at  the  AthensHathen  s-Hocking 
Reclamation  Center.  Soils  surrounding  the  USTs  were  excavated  and  stockpiled  to 
allow  for  tank  removal.  Excavated  soils  were  visually  examined  and  screened  for  VOC 
contamination  using  a  photoionization  detector  (PID).  Contaminated  soil  was 
segregated  and  placed  in  roll-off  containers  for  analysis  and  proper  disposal.  Soil  that 
was  not  contaminated  (based  on  field  screening)  was  placed  on  6-mil  polyethylene 
sheeting  in  the  former  HWSA  and  returned  to  the  excavation  following  UST  removal. 
Concrete  encountered  in  the  excavation  was  placed  in  roll-offs  for  analysis  and 
disposal.  Following  removal  from  the  excavation,  the  USTs  were  decontaminated  and 
transported  offsite  for  recycling. 

Two  soil  samples  and  one  water  sample  were  collected  from  the  excavation 
following  the  removal  of  the  USTs.  One  soil  sample  also  was  collected  from  each  of 
the  three  roll-offs  in  which  the  contaminated  soil  from  the  excavation  was  placed* 
After  characterization  of  the  soil,  the  contents  of  the  roll-offs  were  disposed  of  in  an 
appropriate  manner  (Ogden,  1995). 

Following  UST  removal  activities,  the  damaged  water  line  was  repaired,  and  the 
excavation  was  backfilled.  Prior  to  backfilling,  a  layer  of  fine  gravel  was  placed  in  the 
bottom  of  the  excavation.  Backfilling  of  the  excavation  was  completed  with  the 
stockpiled  soil  from  the  excavation.  The  site  was  then  compacted,  graded,  seeded,  and 
covered  with  straw  mulch. 

Complete  details  of  the  UST  removal  activities  and  analytical  results  for  all  samples 
collected  during  UST  removal  are  presented  in  the  Closure  Report  prepared  by  Ogden 
Environmental  and  Energy  Services,  Inc.  and  submitted  to  the  Air  Force  Base 
Conversion  Agency  on  August  11,  1995.  , 

5.3  REMEDIATION  OF  CONTAMINATED  SOILS 

Remediation  of  residual  soil  contamination  in  the  source  area  by  passive  or  forced 
air  injection  bioven  ting  may  be  necessary  to  support  a  risk-based  closure  of  the  HWSA. 
Remediation  of  soil  contamination  would  assure  that  no  hypothetical  onsite  receptor 
could  be  exposed  to  unacceptable  concentrations  of  contamination  remaining  in  site 
soils.  Remediation  of  soil  contamination  may  also  enhance  the  natural  remediation  of 
residual  groundwater  contamination  at  the  site  by  removing  a  potential  source  of 
contaminant  mass. 
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Bioventing  is  an  innovative  technology  that  uses  either  barometric  pressure  changes 
or  low  rates  of  air  injection  to  supply  oxygen  to  soil  bacteria  employed  in  the 
biodegradation  of  fuel  hydrocarbons.  A  bioventing  pilot  test  would  need  to  be 
completed  at  the  HWSA  as  part  of  closure  activities  to  assess  whether  this  low-cost 
source  reduction  technology  could  be  used  to  remediate  contaminated  soil.  This  test  is 
planned  as  part  of  additional  assessment  activities  to  be  completed  in  1997. 
Bioventing  would  only  be  effective  on  soil  VOCs  and  SVOCs;  elevated  concentrations 
of  metals  would  not  be  effectively  remediated  by  this  approach.  However,  remediation 
of  fuel  hydrocarbon  contamination  in  source  area  soils  may  be  sufficient  to  reduce  the 
cumulative  risks  posed  by  residual  contamination  to  acceptable  levels.  Futhermore, 
remediation  of  this  fraction  of  soil  contamination  would  likely  enhance  the  remediation 
of  groundwater.  No  metals  were  detected  in  groundwater  samples  (Section  4). 

Based  on  the  extent  of  shallow  VOC  contamination  at  the  site,  a  single  vent  well  and 
3  vapor  monitoring  points  would  be  sufficient  to  effect  remediation  of  source  area  soils. 
Pilot  testing  would  consist  of  respiration  testing,  an  air  permeability  test,  and  an 
oxygen  influence  test  in  accordance  with  the  procedures  described  in  the  AFCEE 
protocol  documents  (Hinchee  et  al.,  1992;  Downey  and  Hall,  1994).  A  conceptual 
layout  of  either  a  passive  or  forced  air  injection  bioventing  system  is  presented  in  | 
Figure  5.1. 

5.4  INTRINSIC  REMEDIATION  OF  RESIDUAL  GROUNDWATER 
CONTAMINATION 

Intrinsic  remediation  is  an  innovative  remedial  approach  that  relies  on  natural 
contaminant  attenuation  processes  to  reduce  contaminant  mass,  concentration,  mobility, 
persistence,  and  toxicity  in  groundwater.  Mechanisms  for  natural  attenuation  of 
petroleum  hydrocarbons  such  as  BTEX  include  advection,  dispersion,  dilution  from  | 
recharge,  sorption,  volatilization,  and  biodegradation.  Similar  natural  attenuation 
processes  can  operate  on  chlorinated  compounds,  provided  appropriate  environmental 
conditions  are  present.  -Qhio  EPA  may  consider  the  use  of  intrinsic  remediation-as-a 
component  of  the  remedial  process,  if  sufficient  evidence  that  these  processes  are 
operative  and  progressing  are  provided  (proposed  rule  3745  300  15).  These  processes 
may  play  a  significant  role  in  minimizing  the  mass,  concentration,  mobility, 
persistence,  and  toxicity  of  contaminants  over  time.  Provided  these  processes  are 
sufficient  to  at  least  minimize  downgradientj  migration  and/or  interrupt  potential 
exposure  pathways,  intrinsic  remediation  may  serve  to  complement  other  remedial 
strategies  (e.g.,  exposure  controls,  soil  remediation). 

Of  these  natural  attenuation  processes,  biodegradation  is  the  only  mechanism 
working  to  transform  contaminants  into  innocuous  byproducts.  Intrinsic  bioremediation 
occurs  when  indigenous  microorganisms  work  to  bring  about  a  reduction  in  the  total 
mass  of  contamination  in  the  subsurface  without  the  addition  of  nutrients.  Patterns  and 
rates  of  intrinsic  remediation  can  vary  markedly  from  site  to  site  depending  on 
governing  physical  and  chemical  processes.  AFCEE  sponsored  a  quantitative 
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assessment  of  the  potential  for  natural  chemical  attenuation  to  reduce  dissolved 
petroleum  and  chlorinated  hydrocarbon  concentrations  in  groundwater  to  acceptable 
levels.  The  objective  of  this  particular  section  of  the  amended  closure/post  closure  plan 
is  to  evaluate  whether  natural  chemical  attenuation  processes  are  occurring  at  this  site, 
and  if  so,  whether  these  processes  are  progressing  so  that  acceptable  levels  can  be 
achieved  within  a  reasonable  timeframe. 

5.4.1  Geochemical  Indicators  of  BTEX  Biodegradation 

Microorganisms  obtain  energy  for  cell  production  and  maintenance  by  facilitating 
thermodynamically  advantageous  redox  reactions  involving  the  transfer  of  electrons 
from  electron  donors  to  available  electron  acceptors.  This  results  in  the  oxidation  of 
the  electron  donor  and  the  reduction  of  the  electron  acceptor.  Electron  donors  at  the 
site  are  natural  organic  carbon  and  fuel  hydrocarbon  compounds.  Fuel  hydrocarbons 
are  completely  degraded  or  detoxified  if  they  are  utilized  as  the  primary  electron  donor 
for  microbial  metabolism  (Bouwer,  1992).  Electron  acceptors  are  elements  or 
compounds  that  occur  in  relatively  oxidized  states,  and  include  oxygen,  nitrate,  ferric 
iron,  sulfate,  and  carbon  dioxide. 

The  driving  force  of  BTEX  degradation  is  electron  transfer  and  is  quantified  by  the 
Gibbs  free  energy  of  the  reaction  (AG°r)  (Stumm  and  Morgan,  1981;  Bouwer,  1994; 
Godsey,  1994).  The  value  of  AG°r  represents  the  quantity  of  free  energy  consumed  or* 
yielded  to  the  system  during  the  reaction.  Although  thermodynamically  favorable, 
most  of  the  reactions  involved  in  BTEX  oxidation  cannot  proceed  abiotically  because  of 
the  lack  of  activation  energy.  Microorganisms  are  capable  of  providing  the  necessary 
activation  energy;  however,  they  will  facilitate  only  those  redox  reactions  that  have  a 
net  yield  of  energy  (i.e.  AG°r  <  0).  Microorganisms  preferentially  utilize  electron 
acceptors  while  metabolizing  fuel  hydrocarbons  (Bouwer,  1992).  DO  is  utilized  first  as 
the  prime  electron  acceptor.  After  the  DO  is  consumed,  anaerobic  microorganisms  use 
electron  acceptors  in  the  following  order  of  preference:  nitrate,  ferric  iron  hydroxide, 
sulfate,  and  finally  carbon  dioxide. 

Depending  on  the  types  and  concentrations  of  electron  acceptors  present  (e.g., 
nitrate,  sulfate,  carbon  dioxide),  pH  conditions,  and  redox  potential,  anaerobic 
biodegradation  can  occur  by  denitrification,  ferric  iron  reduction,  sulfate  reduction,  or 
methanogenesis.  Other,  less  common  anaerPbic  degradation  mechanisms  such  as 
manganese  or  nitrate  reduction  may  dominate  if  the  physical  and  chemical  conditions  in 
the  subsurface  favor  use  of  these  electron  acceptors.  Anaerobic  destruction  of  the 
BTEX  compounds  is  associated  with  the  accumulation  of  fatty  acids,  production  of 
methane,  solubilization  of  iron,  and  reduction  of  nitrate  and  sulfate  (Cozzarelli  et  ah, 
1990;  Wilson  et  al.,  1990).  Environmental  conditions  and  microbial  competition 
ultimately  determine  which  processes  will  dominate.  Vroblesky  and  Chapelle  (1994) 
show  that  the  dominant  terminal  electron  accepting  process  can  vary  both  temporally 
and  spatially  in  an  aquifer  with  fuel  hydrocarbon  contamination. 
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Site  groundwater  data  for  electron  acceptors  such  as  nitrate  and  sulfate  suggest  that 
intrinsic  remediation  of  hydrocarbons  in  the  shallow  aquifer  by  denitrification  and 
sulfate  reduction  is  occurring.  In  addition,  data  for  ferrous  iron  (Fe^'*')  and  methane 
suggest  that  anaerobic  degradation  is  proceeding  via  ferric  iron  reduction  and 
methanogenesis.  Because  both  site  and  background  concentrations  of  DO  are  low, 
aerobic  degradation  is  not  believed  to  contribute  significantly  to  the  attenuation  of 
BTEX  in  site  groundwater.  Geochemical  parameters  for  site  groundwater  are  discussed 
in  the  following  sections. 

5.4.1. 1  Dissolved  Oxygen 

Dissolved  oxygen  (DO)  concentrations  were  measured  at  monitoring  wells  and 
monitoring  points  at  the  time  of  groundwater  sampling  during  the  1995  and  1996 
sampling  events.  The  results  are  summarized  in  Table  5.2  and  presented  in  Figure  5.2. 
DO  IS  generally  found  in  low  concentrations  throughout  the  source  area,  suggesting  that 
anaerobic  processes  are  favored.  A  DO  concentration  greater  than  1  mg/L  is 
considered  necessary  to  support  aerobic  processes.  DO  concentrations  greater  than  1 
mg/L  were  measured  at  several  locations,  none  of  which  are  in  the  immediate 
proximity  of  the  BTEX  plume  (Figure  5.2).  DO  is  an  important,  initial  electron 
acceptor  at  this  site  until  residual  contamination  effectively  reduce  do  concentrations. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide  and  water  caused  by 
aerobic  microbial  biodegradation  is  presented  in  Table  5.3.  The  average  mass  ratio  of 
oxygen  to  total  BTEX  is  approximately  3.14  to  1.  This  translates  to  the  mineralization 
of  approximately  0.32  mg  of  BTEX  for  every  1.0  mg  of  DO  consumed.  Considering 
MW-1 1,  with  a  February/March  1995  DO  concentration  of  3.9  mg/L,  as  representative 
of  background  DO  concentrations  in  the  vicinity,  the  shallow  groundwater  at  this  site 
has  the  capacity  to  assimilate  1.25  mg/L  (1250  pg/L)  of  total  BTEX  through  aerobic 
biodegradation.  This  estimate  of  the  assimilative  capacity  of  DO  is  potentially 
conservative  because  subsequent  sampling  events  indicate  that  background 
concentrations  of  DO  may  be  higher  than  measured  in  February/March  1995. 

5.4. 1.2  Nitrate/Nitrite 

Concentrations  of  nitrate/nitrite  [as  nitrogen  (N)]  were  measured  in  groundwater 
samples  collected  m  1995  and  1996.  The  result^  are  presented  in  Figure  5.3.  Reduced 
nitrate/mtrite  (as  N)  concentrations  less  than  or  equal  to  0. 1  mg/L  were  measured  in  an 
area  encompassing  the  area  of  highest  total  BTEX  concentrations  (Figure  5.3)  The 
highest  measured  nitrate/nitrite  concentration  of  9.1  mg/L  was  measured  in 
February/March  1995  in  monitoring  well  MW-11.  The  samples  with  the  highest 
nitrate/nitrite  concentrations  are  relatively  removed  from  the  area  of  highest  BTEX 

c^centration  and  are  thought  to  represent  the  background  nitrate  concentrations  for 
BTEX  biodegradation  at  the  site. 
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BLQ  =  below  lower  limit  of  quantitation 


TABLE  5.3 

COUPLED  OXroATION  REACTIONS 

HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  COLUMBUS  OHIO 


AG% 

(kcal/mole 

Benzene) 

AG% 

(U/mole 

Benzene) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

-765.34 

-3202 

3.07:1 

-775.75 

-3245 

4.77:1 

-765.45 

-3202 

10.56:1 

-524.1 

-2193 

2.98:1 

-560.10 

-2343 

21.5:1 

-122.93 

-514.3 

4.61:1 

-32.40 

-135.6 

0.77:1 

-358.59 

31.8:1 

-350.04 

-1465 

25.2:1 

-278.64 

-1166 

18.6:1 

-327.37 

-1370 

11.9:1 

Coupled  Benzene  Oxidation  Reactions 


7,502  +  CeUe  =>  ^C02,z  + 
Benzene  oxidation  /aerobic  respiration 


SNCTs  +6H-^  +  C6H6  =>  ^C02,g  +6H2O  + 
Benzene  oxidation  /  denitrification 


30H-^  +  15Mn02  +  C5H6  =^>  6C02,g  +  I8H2O 

Benzene  oxidation  /  manganese  reduction 


3.15  NO3'  +  CfiHfi  +  7.5  H""  +  0.75  HjO  =>  6  CO2  +  3.75  ^4"" 
Benzene  oxidation  /  nitrate  reduction 


30Fe(OH)3,,  +  C6H6  =>  6CO2  30Fe^^  +  78H2O 
Benzene  oxidation  /  iron  reduction 


15ft  +  3.15SOV  +  C6H6  =>  6C02.g  +  315H2S^ 

Benzene  oxidation  /  sulfate  reduction 


4.5 H2O  +  C6H6=>2.25C02,g  ^  3.75CH4 
Benzene  oxidation  t  methanogenesis 


I5C2CI4  +  I2H2O  +  C^6  =>  I5C2HCI3  +  6CO2  +  15W  +  15a 
Benzene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 


I5C2HCI3  +  I2H2O  +  =>  I5C2H2CI2  +  6CO2  +  J5H^  +  15Cr 

Benzene  oxidation/  Trichloroethylene  reductive  dehalogenation 


I5C2H2CI2  +  I2H2O  +  C^He  =>  I5C2H3CI  +  6CO2  +  15H"  +  15Cr 
Benzene  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 


I5C2H3CI  +  I2H2O  +  =>  I5C2H4  4-  5CO2  +  +  15a 

Benzene  oxidation/  Vinyl  chloride  reductive  dehalogenation 


Coupled  Toluene  Oxidation  Reactions 


AG% 

(kJ/mole 

Toluene) 


9O2  +  CiHsCHi  =>  7C02.g  +4H2O 

Toluene  oxidation  /aerobic  respiration 

-913.76 

-3823 

7.2NO)  +7.2H*  +  CeHsCHi  =>  7C02,*  +  7.6H2O  +  3.6N2.t 
Toluene  oxidation  /  denitrification 

-926.31 

-3875 

36H*  +  I8Mn02  +  CeHsCHj  =>  7C02.t  +18Mn^*  +  22H2O 
Toluene  oxidation  /  manganese  reduction 

-913.89 

-3824 

72 H*  +36Fe(OH)3„  +  CtHsCHg  7C02  +  36Fe^*  +  94H20 

Toluene  oxidation  /  iron  reduction 

-667.21 

-2792 

9H*  +4.5SOI-  +  CeHsCHi  =>  7C02,*  +4.5H2S"  +4H2O 
Toluene  oxidation  /  sulfate  reduction 

-142.86 

-597.7 

5H2O  +  C6HsCH3  =>  2.5C02.t  +4.5CH4 

Toluene  oxidation  /  methanogenesis 

-34.08 

-142.6 

JSCiCU  +  I4H2O  +  CfHsCHj  =>  I8C2HCI3  +  7CO2  +  18H^  +  ISCC 
Toluene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-425.66 

-1781 

I8C2HCI3  +  I4H2O  +  CfHiCHj  =>  I8C2H2CI2  +  7CO2  +  I8H"  +  18Cr 
Toluene  oxidation/  Trichloroethylene  reductive  dehalogenation 

^15.40 

-1738 

I8C2H2CI2  +  I4H2O  +  C(flsCH3  =>  I8C2H3CI  +  7CO2  +  18H*  +  18Cr 
Toluene  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 

-329.72 

-1380 

I8C2H3CI  +  I4H2O  +  C(flsCH3  =>  I8C2H4  +  7CO2  +  iSH"  +  18a 
Toluene  oxidation/  Vinyl  chloride  reductive  dehalogenation 

-388.22 

-1624 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 


3. 
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TABLE  5.3 

COUPLED  OXIDATION  REACTIONS 


HAZAEDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  COLUMBUS  OHIO 


Coupled  Ethylbenzene  Oxidation  reactions 


AG°r 

Stoichiometric  Mass  Ratio 

kJ/mole 

of  Electron  Acceptor  to 

Ethylbenzene 

Compound 

10.502  +  C6HSC2H5  =>  SCOit  +5H2O 

Ethylbenzene  oxidation  /aerobic  respiration 

-1066.13 

8.4NO-3  +  8.4H*  +  C6H5C2HS  =>  SCOit  +  9.2H20  +  4.2N2.t 
Ethylbenzene  oxidation  /  denitrification 

-1080.76 

46 H*  +22Mn02  +  C6H5C2H5  SCOz,  +22 Mn^*  +28H2O 

Ethylbenzene  oxidation  /  manganese  reduction 

-1066.27 

84H*  +42Fe(OH)^„  +  CeHsCzH,  =>  8CO2  +  42Fe^*  +  IIOH2O 
Ethylbenzene  oxidation  /  iron  reduction 

-778.48 

10.5 H*  +5.25501-  +  C6HSC2H5  =>  SCO2.S  +5.25H2S°  +5H2O 
Ethylbenzene  oxidation  /sulfate  reduction 

-166.75 

5.5 H2O  +  C6HsC2Hs  =>  2.75 COt,  +  5. 25 Off < 

Ethylbenzene  oxidation  /  methanogenesis 

-39.83 

2IC2CU  +  I6H2O  +  CfisCiH,  =>  2IC2HCI3  +  8CO2  +  2IH^  +  21Cr 
Ethylbenzene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-496.67 

2IC2HCI3  +  I6H2O  +  CiHsCiH,  =>  2IC2H2CI2  +  8CO2  +  2IH^  +  21Cr 
Ethylbenzene  oxidation/  Trichloroethylene  reductive  dehalogenation 

-484.70 

2IC2H2CI2  +  I6H2O  +  CiHjCiHs  =>  ZlCfiljCl  +  8CO2  +  21ir  +  27Cr 
Ethylbenzene  oxidation/  cis-Dichloroethyiene  reductive  dehalogenation 

-384.74 

2IC2H3CI  +  I6H2O  +  C^sCJIs  =>  2IC2H4  +  8CO2  +  2iir  +  21Cr 
Ethylbenzene  oxidation/  Vinyl  chloride  reductive  dehalogenation 

-452.99 

Coupled  m~Xylene  Oxidation  Reactions 


10.502  +  C6H4(CH})2  ^  SCO2.,  +5H2O 

m-Xylene  oxidation  /aerobic  respiration  _ 


8.4NO-3  +8.4H^  +  C6H4(CH3)2  =>  SC02,g  +  9.2H2O  +  4.2N2.g 
m-Xylene  oxidation  /  denitrification _ 


46 H*  +  22Mn02  +  =>  +22Mn^*  +28H2O 

m-Xylene  oxidation  I  manganese  reduction  _ 


84H^  +  42Fe(OH)^„  +  C6H4(CH3)2  =>  ^COz  +  42Fe^^  ^  IIOH2O 
m-Xylene  oxidation  /  iron  reduction _ 


10.5H^  -\-5.25SOl-  +  C6H4(CH3)2  =>  SCOis  +5.25H2S^  ’^SHzO 
m-Xylene  oxidation  /sulfate  reduction 


5.5H2O  +  C6H4(CH3)2  =>  2.75C02,g  +5.25CH4 
m-Xylene  oxidation  /  methanogenesis 


2IC2CI4  -f  I6H2O  +  C^4(CH3)2  =>  2IC2HCI3  +  8CO2  +  21H"  +  2icr 
m-Xylene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 


2IC2HCI3  +  I6H2O  +  C^4(CH3)2  =>  2IC2H2CI2  +  8CO2  +  21H^  +  21a 
m-Xylene  oxidation/  Trichloroethylene  reductive  dehalogenation 


2IC2H2CI2  +  I6H2O  +  C6H4(CH3)2  =>  21C2H3a  +  8CO2  +  21H'^  +  21a 

m-Xylene  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 


2IC2H3CI  4-  I6H2O  +  C6H4(CH3)2  =>  21C2H4  +  8CO2  +  2JH^  +  21Cr 
m-Xylene  oxidation/  Vinyl  chloride  reductive  dehalogenation 


AG% 

Stoichiometric  Mass  Ratio 

(kJ/mole 

of  Electron  Acceptor  to 

m-xylene) 

Compound 

-1063.25 

-4448 

-1077,81 

4509 

-1063.39 

-4449 

-775.61 

-3245 

-163.87 

-685.6 

-36.95 

-154.6 

-493.79 

-2066 

-481.82 

-2016 

-381.86 

-1598 

-450.11 

-1883 
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TABLE  5.3 

COUPLED  OXIDATION  REACTIONS 

HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  COLUMBUS  OHIO 


Coupled  Naphthalene  Oxidation  Reactions 


I2O2  +  CjoH^  IOCO2+  4H2O 

Naphthalene  oxidation  /aerobic  respiration 

-1217.40 

9.6NO}  +  9.6H'"  +  Cifflg  =>  IOCO2  +  8.8H2O  +  4.8N2,g 
Naphthalene  oxidation  /  denitrification 

-1234.04 

24Mn02  +  48H*  +  C-cflg  =0  IOCO2  +  24Mn^*  +  28H2O 

Naphthalene  oxidation  /  manganese  reduction 

-1217.57 

48Fe(OH)3_a  +  96H*  +  C,oHs=>  IOCO2  +  48Fe^*  +  I24H2O 
Naphthalene  oxidation  /  iron  reduction 

-932.64 

6SO4  +  12H*  +  C,(fls  =>  IOCO2  +  6H^  +  4H2O 

Naphthalene  oxidation  /  sulfate  reduction 

-196.98 

8H2O  +  CjoHs  ^  4CO2  +  6CH4 

Naphthalene  oxidation  /  methanogenesis 

-44.49 

24C2O4  +  2OH2O  +  Ciffls  24C2HCI3  +  IOCO2  +  24H*  +  24a  ^ 

Naphthalene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-566.59 

24C2HCI3  +  2OH2Q  +  Ciifls  =>  24C2H2CI2  +  IOCO2  +  24H^  +  24Cr 
Naphthalene  oxidation/  Trichloroethylene  reductive  dehalogenation 

-552.91 

24C2H2a2  +  2OH2O  +  CioHg  =>  24C2H3CI  +  IOCO2  +  24H‘"  +  24a 
Naphthalene  oxidation/  cis~Dichloroethylene  reductive  dehalogenation 

^38.67 

24C2H3a  +  2OH2P  +  =>  24C2H4  +  IOCO2  +  24Fr  +  24Cr 

Naphthalene  oxidation/  Vinyl  chloride  reductive  dehalogenation 

-516.67 

Stoichiometnc  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 


3.00:1 


Coupled  1,3,5-Trimethylbenzene  Oxidation  Reactions 


I2O2  +  =>  9CO2  +  6H2O 

1 ,3,5-Trimethylbenzene  oxidation  /aerobic  respiration 

-1213.29 

9.6N03'  +  9.6H*  +  C(fl3(CH3)3  =>  PCOj  +  IO.8H2O  +  4.8N2,g 

1  gSgS-Trimethylbenzene  oxidation  /  denitrification 

-1229.93 

24Mn02  +  48H*  +  C(fl3(CH3)3  =>  PCOj  +  3OH2O  +  24Mn^* 
fSgS-Trimethylbenzene  oxidation  /  manganese  reduction 

-1213.46 

48Fe(OH)3  „  +  96H*  +  C^3(CH3)3  =>  PCOj  +  48Fe^'^  +  I26H2O 

1 ,3,5-Trimethylbenzene  oxidation  /  iron  reduction 

-928.53 

6S04'  +  \2H*  +  C(H3(CH3)3  =>  9CO2  +  6H2O  + 
1,3,5-Trimethylbenzene  oxidation  /  sulfate  reduction 

-192.87 

6H2O  +  CfisiCHfis  =>  3CO2  +  6CH4 
1,3,5-Trimethylbenzene  oxidation  /  methanogenesis 

-40.39 

24C2CI4  +  I8H2O  +  CJti3(CH3)3  =>  24C2HCI3  +  9CO2  +  24H*  +  24a 
1,3,5-Trimethylbenzene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-562.48 

24C2HCI3  +  I8H2O  +  CfH3(CH3),  =>  24C2H2CI2  +  9CO2  +  24H^  +  24Cr 

1 ,3,5-Trimethylbenzene  oxidation/  Trichloroethylene  reductive  dehalogenation 

-548.80 

24C2H2CI2  +  I8H2O  +  C^3(CH3)3  =>  24C2H3a  +  9CO2  +  24H^  +  24Cr 

1 ,3,5-Trimethylbenzene  oxidation/ cis-Dichloroethylene  reductive  dehalogenation 

-434.56 

24C2H3O  +  I8H2O  +  CgH3(CH3)3  =>  24C2H4  +  9CO2  +  24H*  +  24a  i 

1 ,3,5-Trimethylbenzene  oxidation/  Vinyl  chloride  reductive  dehalogenation 

-512.56 

AG°, 

(U/mole 

1,3,5-TMB) 

Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 

-5076 

3.20:1 

-5146 

4.96:1 

-5077 

17.40:1 

-3885 

42.80:1 

-807.0 

4.80:1 

-169.0 

0.90:1 

33.2:1 

-2296 

26.3:1 

-1818 

19.4:1 

-2145 

12.4:1 
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TABLE  5.3 

COUPLED  OXIDATION  REACTIONS 


HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  COLUMBUS  OHIO 


AG% 

(kcal/mole 

1,2,4-TMB) 


Coupled  1,2,4-Trimethylbenzene  Oxidation  Reactions 


1202  +  C^3(CHs)3  ^  9CO2  +  6H2O 

1,2,4-Trimethylbenzene  oxidation  /aerobic  respiration 


9.6NOi  +  9.6H^  +  CiHsiCHj)}  =>  PCOj  +  IO.8H2O  +  4.8N2,g 

1,2,4-Trimethylbenzene  oxidation  /  denitrification 


24MnO-,  +  48H''  +  =>  PCOj  +  SOHgO  +  24Mn^* 

1,2,4-Trimethylbenzene  oxidation  /  manganese  reduction 


48Fe(OH),  „  +  96H*  +  CfisiCH,)}  =>  PCOj  +  48Fe^^  +  UeHiO 

1,2,4-Trimethylbenzene  oxidation  /  iron  reduction 


6SOi'  +  \2H*  +  CMCH}),  =>  PCO2  +  6H2O  +  6H2^ 

1,2,4-Trimethylbenzene  oxidation  /sulfate  reduction _ 


6H2O  +  Cfi3(CH3)3  ^  3CO2  +  6CH4 

1,2,4-Trimethylbenzene  oxidation  /  methanogenesis 


24C2CI4  +  I8H2O  +  C^3{CH3)3  =>  24C2HCI3  +  9CO2  +  24H^  +  24a 

1,2,4-Trimethylbenzene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 


24C2HCI3  +  I8H2O  +  C6H3(CH3}3  =>  24C2H2a2  +  9CO2  +  24W  +  24a 

1,2,4-Trimethylbenzene  oxidation/  Trichloroethylene  reductive  dehalogenation 


24C2H2a2  +  I8H2O  +  C6H3(CH3)3  =>  24C2H3CI  +  90^2  +  24H^  +  24a 

1 ,2,4-Trimethylbenzene  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 


24C2H3a  +  I8H2O  +  C6H3(CH3)3  =>  24C2H4  +  9CO2  +  24W  +  24a 

1,2,4-Trimethylbenzene  oxidation/  Vinyl  chloride  reductive  dehalogenation 


Stoichiometric  Mass  Ratio 
of  Electron  Acceptor  to 
Compound 


3.20:1 


Coupled  Chlorobenzene  Oxidation  Reactions 

(kcal/mole 

Chlorobenzene) 

AG% 

(kJ/mole 

Chlorobenzene) 

Stoichiometric 
Mass  Ratio  of 
Electron  Acceptor 
to  Compound 

7O2  +  CeH,a  =>  6CO2  +H*  +  2H2O+  cr 

Chlorobenzene  oxidation  /aerobic  respiration 

-731.62 

-3061 

2.00:1 

5.6NOi  +  4.6H*  +  C^sCl  =>  6CO2  +  4.8H2O  +  2.8N2_g  +  a 
Chlorobenzene  oxidation  /  denitrification 

-741.33 

-3102 

3.10:1 

I4MnO.  +  27H*  +  CgflsCl  =>  6CO2  +  I6H2O  +  14Mn^*  +  a 
Chlorobenzene  oxidation  /  manganese  reduction 

-731.72 

-3062 

10.9:1 

28Fe<Om, .  +  55H*  +  CJi,Cl  =>  6CO,  +  72H,0  +  28Fe^*  +  a 
Chlorobenzene  oxidation  /  iron  reduction 

-565.51 

-2366 

26.8:1 

3.5SOt'  +  6H*  +  QffjC/  =>  6CO2  +  2H2O  +  S.SHgS’  +  Cr 
Chlorobenzene  oxidation  /  sulfate  reduction 

-136.38 

-570.6 

3.00:1 

SHgO  +  CiHsCl  2.5CO2  +  3.SCH4  +  H*  +  a 

Chlorobenzene  oxidation  /  methanogenesis 

-47.43 

-198.4 

0.80:1 

14C2C14  +  I2H2O  +  C^sCl  =>  I4C2HCI3  +  6CO2  +  15H^  +  isa 
Chlorobenzene  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-351.99 

-1473 

20.7:1 

I4C2HCI3  +  I2H26  +  CefijCl  =>  I4C2H2CI2  +  6CO2  +  15H''  +  ISa 
Chlorobenzene  oxidation/  Trichloroethylene  reductive  dehalogenation 

-344.01 

-1439 

16.4:1 

14C2H2CI2  +  12H2O  +  c^sci  =>  i4C2H3a  +  6CO2  +  i5ir  +  iscr 
Chlorobenzene  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 

-277.37 

-1161 

12.1:1 

I4C2H3CI  +  I2H2O  +  C^sCl  =>  I4C2H2  +  6CO2  +  15H‘^  +  isa 

-322.87 

-1351 

7.75:1 
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TABLE  5.3 

COUPLED  OXIDATION  REACTIONS 


HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  COLUMBUS  OHIO 


Coupled  Vinyl  Chloride  Oxidation  Reactions 

AG% 

(kcal/mole 
vinyl  chloride) 

AG% 
(kJ/mole 
vinyl  chloride) 

Stoichiometric  Mass 
Ratio  of  Electron 
Acceptor  to 
Compound 

2.5O2  +  C2H3C1  =>  2CO2  +  H2O  +  H*  +  a 

Vinyl  Chloride  oxidation  /aerobic  respiration 

-288.98 

-1209 

1.29:1 

2NO3-  +  H*  C2H3O  =>  2CO2  +  2H2O  +  a  +  N2,g 

Vinyl  Chloride  oxidation  /  denitrification 

-292.44 

-1224 

2.00:1 

SMnO.  +  9H*  +  C2H3CI  =>  2CO2  +  6H,0  +  5Mn^*  +  CT 

Vinyl  Chloride  oxidation  /  manganese  reduction 

-289.01 

-1209 

7.02:1 

IOFe(Om,„  +  I9H*  +  CJidCH,),  =>  2CO,  +  lOFe^*  +  26H^O  +  Cr 

Vinyl  Chloride  oxidation  i  iron  reduction 

-229.65 

-960.9 

17.3:1 

1.25S04^'  +  2CO2  +  HgO  +  I.25H^  +  Cr 

Vinyl  Chloride  oxidation  /  sulfate  reduction 

-76.40 

-319.7 

1.94:1 

l.SHjO  +  CjHjO  =>  .75CO2  +  1.25CH2  +  H*  +  cr 

Vinyl  Chloride  oxidation  1  methanogenesis 

-44.62 

-186.7 

0.44:1 

SC2CI4  +  4H2O  +  C2H3CI  =>  5C2HCI3  +  2CO2  +  +  6Cr 

Vinyl  Chloride  oxidation/  Tetrachloroethylene  reductive  dehalogenation 

-153.39 

-641.8 

13.4:1 

5C2HCI3  +  4H2O  +  C2H3CI  =>  5C2H2CI2  +  2CO2  +  6H^  +  6cr 

Vinyl  Chloride  oxidation/  Trichloroethylene  reductive  dehalogenation 

-150.54 

-629.9 

10.6:1 

5C2H2CI2  +  4H2O  +  C2H3C1  iCjffjC/  +  2CO2  +  eu"  +  6cr 

Vinyl  Chloride  oxidation/  cis-Dichloroethylene  reductive  dehalogenation 

-126.74 

-530.3 

7.82:1 
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In  the  absence  of  microbial  cell  production,  the  stoichiometry  of  BTEX 
mineralization  to  carbon  dioxide,  water,  and  nitrogen  caused  by  denitrification  is 
presented  in  Table  5.3.  The  average  mass  ratio  of  nitrate  to  total  BTEX  is 
approximately  4.9  to  1 .  This  translates  to  the  mineralization  of  approximately  0.20  mg 
of  BTEX  for  every  1.0  mg  of  nitrate  consumed.  On  the  basis  of  a  background 
nitrate/nitrite  concentration  of  9.1  mg/L,  the  shallow  groundwater  at  this  site  has  the 
capacity  to  assimilate  1.90  mg/L  (1,900  pg/L)  of  total  BTEX  through  denitrification. 

5.4. 1.3  Ferrous  Iron 

Ferrous  iron  (Fe  )  concentrations  were  measured  in  groundwater  samples  collected 
in  1995  and  1996.  The  results  are  presented  in  Figure  5.4.  Measured  concentrations 
of  ferrous  iron  range  from  <0.05  mg/L  to  16.5  mg/L.  The  highest  concentrations  of 
ferrous  iron  are  found  in  two  of  the  three  sample  locations  with  the  highest  total  BTEX 
concentrations.  The  correlation  between  the  area  of  highest  BTEX  concentrations  and 
the  area  of  elevated  ferrous  iron  concentrations  suggests  that  ferric  iron  (Fe^^) 
hydroxide  is  being  reduced  to  ferrous  iron  during  biodegradation  of  BTEX  compounds. 
Background  levels  of  ferrous  iron  were  below  the  detection  limit  of  0.05  mg/L,  while 
concentrations  were  as  high  as  14.8  mg/L  (ESMP-16S)  and  16.5  mg/L  (MW-5)  at  two 
of  the  wells  with  high  BTEX  concentrations. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide,  ferrous  iron,  and  water  by 
iron  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  5.3. 
On  average,  37.5  moles  of  ferric  iron  hydroxide  are  required  to  metabolize  one  mole  of 
total  BTEX.  Conversely,  an  average  of  37.5  moles  of  ferrous  iron  are  produced  for 
each  mole  of  total  BTEX  consumed.  On  a  mass  basis,  this  translates  to  approximately 
21.8  mg  ferrous  iron  produced  for  each  1  mg  of  total  BTEX  metabolized.  Given  a 
background  ferrous  iron  concentration  of  less  than  0.05  mg/L  and  a  February/March 
1995  maximum  detected  ferrous  iron  concentration  of  14.8  mg/L,  the  shallow 
groundwater  was  expressing  the  capacity  to  assimilate  approximately  0.68  mg/L  (680 
pg/L)  of  total  BTEX  through  iron  reduction.  This  is  a  conservative  estimate  of  the 
assimilative  capacity  of  iron  because  this  calculation  is  based  on  observed  ferrous  iron 
concentrations  and  not  on  the  amount  of  ferric  hydroxide  available  in  the  aquifer  and 
solid  soil  matrix.  Therefore,  iron  assimilative  capacity  could  be  much  higher. 

Recent  evidence  suggests  that  the  reduction  of  ferric  iron  to  ferrous  iron  cannot 
proceed  at  all  without  microbial  mediation  (Lovley  and  Phillips,  1988;  Lovley  et  al, 
1991;  Chapelle,  1993).  None  of  the  common  organic  compounds  found  in  low- 
temperature,  neutral,  reducing  groundwater  could  reduce  ferric  oxyhydroxides  to 
ferrous  iron  under  sterile  laboratory  conditions  (Lovley  et  al,  1991).  This  means  that 
the  reduction  of  ferric  iron  requires  microbial  mediation  by  microorganisms  with  the 
appropriate  enzymatic  capabilities.  Because  the  reduction  of  ferric  iron  cannot  proceed 
without  microbial  intervention,  the  elevated  concentrations  of  ferrous  iron  that  were 
measured  in  the  contaminated  groundwater  at  the  site  are  very  strong  indicators  of 
microbial  activity. 
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5.4. 1.4  Sulfate 

Concentrations  of  sulfate  were  measured  in  groundwater  samples  collected  in  1995. 
Sulfate  concentrations  range  from  6.57  mg/1  to  938  mg/1.  Figure  5.5  is  an  isopleth  map 
showing  the  areal  extent  of  sulfate  in  groundwater  during  different  1995  sampling 
events.  The  lowest  measured  concentration  of  sulfate  occurs  at  MW-5,  which  is  the 
location  where  free  product  has  been  measured  both  historically  and  in  1995.  A 
depleted  sulfate  concentration  also  occurs  at  ESMP-13S,  which  contained  the  highest 
concentration  of  total  BTEX  in  1995.  This  high  background  sulfate  concentration 
represents  a  significant  potential  for  sulfate  reduction  as  a  pathway  for  biodegradation 
of  the  BTEX  measured  at  this  location.  The  correspondence  between  depleted  sulfate 
and  high  BTEX  at  MW-5  and  ESMP-13S  is  an  indication  the  anaerobic  biodegradation 
of  BTEX  compounds  is  occurring  in  the  shallow  groundwater  through  the  microbially 
mediated  process  of  sulfate  reduction. 

The  stoichiometry  of  BTEX  mineralization  to  carbon  dioxide,  sulfur,  and  water  by 
sulfate  reduction  through  anaerobic  microbial  biodegradation  is  presented  in  Table  5.3. 
The  average  mass  ratio  of  sulfate  to  total  BTEX  is  approximately  4.7  to  1.  This 
translates  to  the  mineralization  of  approximately  0.21  mg  of  total  BTEX  for  every 
1.0  mg  of  sulfate  consumed.  Assuming  a  background  sulfate  concentration  of 
1443  mg/L,  as  measured  at  ESMP-4S  in  February/March  1995,  a  conservative  estimate 
of  the  assimilative  capacity  of  the  shallow  groundwater  at  this  site  is  28.86  mg/b 
(28,860  i-ig/L)  of  total  BTEX  through  sulfate  reduction.  Because  biomass  accumulation 
is  not  considered,  the  actual  assimilative  capacity  attributable  to  sulfate  could  be 
somewhat  higher. 

5. 4. 1.5  Methane 

Methane  concentrations  were  measured  in  groundwater  samples  collected  in  1995 
and  1996.  The  results  are  presented  in  Figure  5.6.  Methane  concentrations  range  from 
below  the  quantification  limit  of  0.001  mg/1  to  19.2  mg/1.  Elevated  concentrations  of 
methane  correspond  well  with  the  relatively  high  concentrations  of  total  BTEX 
measured  at  MW-5,  ESMP-13S,  and  ESMP-16S.  These  relations  are  a  strong 
indication  that  anaerobic  biodegradation  of  BTEX  compounds  is  occurring  via 
methanogenesis  at  the  site.  This  is  consistent  with  the  electron  acceptor  data  discussed 
above,  with  a  lack  of  DO  throughout  the  arki,  and  the  correlation  of  high  BTEX 
concentrations  with  depleted  nitrate/nitrite,  elevated  ferrous  iron  and  methane,  and 
reduced  sulfate. 

The  stoichiometry  of  BTEX  oxidation  to  carbon  dioxide  and  methane  by 
methanogenesis  is  presented  in  Table  5.3.  On  average,  approximately  1  mg  of  total 
BTEX  is  degraded  for  every  0.78  mg  of  methane  produced.  Given  a  February/March 
1995  detected  methane  concentration  of  7.83  mg/L  at  ESMP-13S,  the  shallow 
groundwater  has  the  expressed  capacity  to  assimilate  approximately  10.0  mg/L 
(10,000  pg/L)  of  total  BTEX  through  methanogenesis.  This  is  a  conservative  estimate 
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of  the  assimilative  capacity  through  methanogenesis  because  these  calculations  are 
based  on  observed  methane  concentrations  and  not  on  the  amount  of  carbon  dioxide 
(the  electron  acceptor  in  methanogenesis)  available  in  the  aquifer.  As  methanogenesis 
produces  more  carbon  dioxide  than  it  consumes,  an  unlimited  supply  of  carbon  dioxide 
is  theoretically  available  once  the  process  of  methanogenesis  has  been  initiated. 
Therefore,  methanogenesis  is  limited  by  the  rate  of  reaction  rather  than  the  source  of 
electron  receptors.  This  estimate  of  assimilative  capacity  also  conservatively  assumes 
that  all  of  the  produced  methane  remains  in  solution;  however,  this  assumption  is  not 
realistic  as  the  solubility  limit  of  methane  in  water  is  approached. 

5.4. 1.6  Reduction/Oxidation  Potential 

Redox  potentials  were  measured  at  groundwater  monitoring  wells  and  points  in 
February  1995.  The  results  are  summarized  in  Table  5.2.  Redox  potential  is  a 
measure  of  the  relative  tendency  of  a  solution  to  accept  or  transfer  electrons.  The 
redox  potential  of  a  groundwater  system  depends  on  which  electron  acceptors  are  being 
reduced  by  microbes  during  BTEX  oxidation.  The  redox  potential  at  the  site  ranges 
from  212  millivolts  (mV)  to  -136  mV.  The  distribution  of  redox  potentials  is 
illustrated  on  Figure  5.7.  Locations  with  high  BTEX  concentrations,  low  sulfate  and 
nitrate/nitrite  concentrations,  and  elevated  ferrous  iron  and  methane  concentrations 
correspond  with  low  redox  potential.  Several  locations  where  BTEX  was  not  detected 
but  that  also  have  low  redox  potential  are  directly  downgradient  of  the  BTEX  plume.*^ 
Comparison  of  these  locations  with  previously^discussed  figures  indicates  a  correlation 
between  the  low  redox  measurement  and  at  least  one  of  the  chemical  indicators 
discussed  above.  Redox  potential  is  below  -100  mV  at  monitoring  wells  and 
monitoring  points  at  the  site  where  total  BTEX  concentrations  are  greatest  . 

5. 4. 1.7  Volatile  Fatty  Acids 

At  monitoring  points  ESMP-13S  and  ESMP-13D  groundwater  samples  were 
collected  in  February/March  1995  for  volatile  fatty  acid  analysis  by  USEPA  scientists. 
This  test  is  a  gas  chromatograph/mass  spectrometry  (GC/MS)  method  wherein  the 
samples  are  compared  to  a  standard  mixture  containing  a  total  of  58  phenols,  aliphatic 
acids,  and  aromatic  acids.  Compounds  in  the  standard  mixture  are  generally 
considered  to  result  from  microbial  processes  that  break  down  petroleum  hydrocarbons. 
USEPA  scientists  reported  that  the  sample  from  ESMP-13S  contained  14,  and  the 
sample  from  ESMP-13D  contained  6  of  the  compounds  in  the  standard  mixture. 
ESMP-13S  is  the  location  with  the  consistently  highest  reported  total  BTEX 
concentration.  ESMP-13D  is  adjacent  to  ESMP-13S  but  deeper;  both  monitoring 
points  are  generally  downgradient  from  MW-5  where  free  product  is  encountered.  The 
presence  of  these  volatile  fatty  acid  compounds  is  another  indication  that  biodegradation 
of  BTEX  compounds  is  occurring  at  the  site.  Laboratory  results  for  volatile  fatty  acids 
are  included  in  Appendix  D. 
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5. 4. 1.8  Alkalinity 

Total  alkalinity  (as  calcium  carbonate)  was  measured  in  groundwater  samples 
collected  in  1995  and  1996.  Alkalinity  is  a  measure  of  the  ability  of  groundwater  to 
buffer  changes  in  pH  caused  by  the  addition  of  biologically  generated  acids.  Total 
alkalinity  at  the  site  is  in  the  moderate  range  for  groundwater,  varying  from  212  mg/L 
(ESMP-7D)  to  426  mg/L  (ESMP-IOD).  This  amount  of  alkalinity  should  be  sufficient 
to  buffer  potential  changes  in  pH  caused  by  biologically  mediated  BTEX  oxidation 
reactions. 

5.4.1.9  pH 

pH  was  measured  in  groundwater  samples  collected  in  1995  and  1996.  The  pH  of  a 
solution  is  the  negative  logarithm  of  the  hydrogen  ion  concentration  [H'*’]. 
Groundwater  pH  measured  at  the  site  ranges  from  6.9  to  8.2.  This  range  of  pH  is 
within  the  optimal  range  for  BTEX-degrading  microbes. 

5.4.1.10  Temperature 

Groundwater  temperature  was  measured  at  groundwater  monitoring  points  and 
monitoring  wells  in  1995  and  1996.  Temperature  affects  the  types  and  growth  rates  of 
bacteria  that  can  be  supported  in  the  groundwater  environment,  with  higher 
temperatures  generally  resulting  in -higher  growth  rates.  Temperatures  in  the  shallow 
aquiter  varied  from  8.2  degrees  Celsius  (°C)  to  15.3°C.  These  are  moderate 
temperatures  for  shallow  groundwater,  suggesting  that  bacterial  growth  rates  should  not 
be  inhibited. 

5.4.1.11  Discussion 

Numerous  laboratory  and  field  studies  have  shown  that  hydrocarbon-degrading 
bacteria  can  participate  in  the  degradation  of  many  of  the  chemical  components  of  jet 
fuel  and  gasoline,  including  the  BTEX  compounds  (e.g.,  Jamison  et  ai,  1975;  Atlas, 
1981,  1984,  1988;  Gibson  and  Subramanian,  1984;  Reinhard  et  ai,  1984;  Young, 
1984;  BSrtha,  1986;  Wilson  et  al,  1986,  1987,  and  1990;  Barker  et  al,  1987; 
Baedecker  et  al.  1988;  Lee,  1988;  Chiang  et  ai.  1989;  Grbic-Galic,  1989  and  1990; 
Cozzarelli  et  al,  1990;  Leahy  and  ColeweIl„  1990;  Altenschmidt  and  Fuchs,  1991; 
Alvarez  and  Vogel,  1991;  Baedecker  and  Cozzarelli,  1991;  Ball  et  al,  1991;  Bauman, 
1991;  Borden,  1991;  Brown  et  al,  1991;  Edwards  et  al,  1991  and  1992;  Evans  et  al, 
1991a  and  1991b;  Haag  et  al.,  1991;  Hutchins  and  Wilson,  1991;  Hutchins  et  al, 
1991a  and  1991b;  Bellerc/o/.,  1992;  Bouwer,  1992;  Edwards  and  Grbic-Galic,  1992; 
Thierrin  et  al.,  1992;  Malone  et  al,  1993;  Davis  et  al,  1994).  Biodegradation  of  fuel 
hydrocarbons  can  occur  when  an  indigenous  population  of  hydrocarbon-degrading 
microorganisms  is  present  in  the  aquifer  and  sufficient  concentrations  of  electron 
acceptors  and  nutrients,  including  fuel  hydrocarbons,  are  available  to  these  organisms. 
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Comparison  of  the  distribution  of  BTEX,  electron  acceptor,  and  biodegradation 
byproducts  at  the  site  provides  strong  qualitative  evidence  of  biodegradation  of  BTEX 
compounds.  The  distributions  of  these  suggest  that  five  electron  acceptors  are  active  in 
the  biodegradation  of  BTEX  compounds  at  the  site:  DO,  ferric  iron  (indicated  by  the 
presence  of  ferrous  iron),  sulfate,  nitrate,  and  carbon  dioxide  (indicated  by  the  presence 
of  methane).  Typically,  zones  of  elevated  methane  concentration,  depleted  sulfate 
concentration,  depleted  nitrate  concentration,  and  elevated  ferrous  iron  concentration 
coincide  with  the  location  of  the  BTEX  plume. 

5.4.1.12  Expressed  Assimilative  Capacity 

The  data  presented  in  the  preceding  sections  suggest  that  mineralization  of  BTEX 
compounds  is  occurring  through  the  microbially  mediated  processes  of  aerobic 
respiration,  iron  reduction,  sulfate  reduction,  nitrate  reduction,  and  methanogenesis. 
On  the  basis  of  the  stoichiometry  presented  in  Table  5.3,  the  expressed  BTEX 
assimilative  capacity  of  groundwater  at  the  HWSA  during  several  different  sampling 
events  is  presented  in  Table  5.4.  The  changes  in  the  assimilative  capacity  over  time 
suggest  that  biodegradation  reactions  are  progressing,  and  that  residual  hydrocarbon 
contamination  is  being  mineralized. 

A  closed  system  with  two  liters  of  water  can  be  used  to  help  visualize  the  physical 
meaning  of  assimilative  capacity.  Assume  that  the  first  liter  contains  no  fuel 
hydrocarbons,  but  it  contains  fuel  degrading  microorganisms  and  has  an  assimilative 
capacity  of  exactly  “Ji:”pg  of  fuel  hydrocarbons.  The  second  liter  has  no  assimilative 
capacity;  however,  it  contains  fuel  hydrocarbons.  As  long  as  these  two  liters  of  water 
are  kept  separate,  biodegradation  of  the  fuel  hydrocarbons  will  not  occur.  If  these  two 
liters  are  combined  in  a  closed  system,  biodegradation  will  commence  and  continue 
until  the  fuel  hydrocarbons  are  depleted,  the  electron  acceptors  are  depleted,  or  the 
environment  becomes  acutely  toxic  to  the  fuel  degrading  microorganisms.  Assuming  a 
non-lethal  environment,  if  fewer  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second 
liter,  all  of  the  fuel  hydrocarbons  will  eventually  degrade  given  a  sufficient  time; 
likewise,  if  greater  than  “x”  pg  of  fuel  hydrocarbons  were  in  the  second  liter  of  water, 
only  “x”  pg  of  fuel  hydrocarbons  would  ultimately  degrade. 

The  groundwater  beneath  a  site  is  an  open  system,  which  continually  receives 
additional  electron  receptors  from  the  flow  tof  the  aquifer  and  the  percolation  of 
precipitation.  This  means  that  the  assimilative  capacity  is  not  a  fixed  entity  as  it  is  in  a 
closed  system,  and  therefore  cannot  be  compared  directly  to  contaminant  concentration 
in  the  groundwater.  Rather,  the  expressed  assimilative  capacity  of  groundwater  is 
intended  to  serve  as  a  qualitative  tool.  Although  the  expressed  assimilative  capacity  at 
this  site  is  greater  than  the  highest  measured  total  BTEX  concentration,  the  fate  of 
BTEX  in  groundwater  and  the  potential  impact  to  receptors  is  dependent  on  the 
relationship  between  the  kinetics  of  biodegradation  and  the  solute  transport  velocity 
(Chappelle,  1994).  This  significant  expressed  assimilative  capacity  is  a  strong  indicator 
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that  biodegradation  is  occurring;  however,  it  is  not  an  indication  that  biodegradation 
will  proceed  to  completion  before  potential  downgradient  receptors  are  impacted. 

At  the  HWSA,  the  groundwater  appears  to  have  sufficient  assimilative  capacity  to 
degrade  the  observed  dissolved  BTEX  and  limit  plume  migration.  However,  a  small 
but  unknown  quantity  of  LNAPL  is  available  to  continually  replenish  dissolved  BTEX 
concentrations.  As  the  LNAPL  is  body  is  highly  weathered  and  believed  to  be  of  very 
limited  extent,  and  the  configuration  of  the  groundwater  surface  suggests  that  dissolved 
BTEX  will  be  inhibited  from  migrating  offsite,  natural  attenuation  of  BTEX  in 
groundwater  is  considered  to  be  sufficient  to  remediate  the  low  concentrations  of  BTEX 
observed  at  the  site. 

5.4.2  Degradation  of  Chlorinated  Solvents 

Chlorinated  solvents  can  be  transformed,  directly  or  indirectly,  by  biological  processes 
(e.g.,  Bouwer  et  aL,  1981;  Wilson  and  Wilson,  1985;  Miller  and  Guengerich,  1982; 
Nelson  et  al,  1986;  Bouwer  and  Wright,  1988;  Little  et  aL,  1988;  Mayer  et  aL,  1988; 
Arciero  et  al.,  1989;  Cline  and  Delfino,  1989;  Freedman  and  Gossett,  1989;  Folsom  et 
al.,  1990;  Harker  and  Kim,  1990;  Alvarez-Cohen  and  Mccarty,  1991a,  1991b; 
Destefano  et  al.,  1991;  Henry,  1991;  Mccarty  et  al.,  1992;  Hartmans  and  de  Bont, 
1992;  Mccarty  and  Semprini,  1994;  Vogel,  1994).  Biodegradation  of  chlorinated 
aliphatic  hydrocarbons  (CAHs),  while  similar  in  principle  to  biodegradation  of 
BTEX,  typically  results  from  a  more  complex  series  of  processes. 

Whereas  BTEX  is  biodegraded  in  essentially  one  step  by  acting  as  an  electron 
donor/carbon  source,  CAHs  may  undergo  several  types  of  biodegradation  involving 
several  steps.  CAHS  may  undergo  biodegradation  through  three  different  pathways: 
use  as  an  electron  acceptor,  use  as  an  electron  donor,  or  cometabolism,  which  is 
degradation  resulting  from  exposure  to  a  catalytic  enzyme  fortuitously  produced  during 
an  unrelated  process.  At  a  given  site,  one  or  all  of  these  processes  may  be  operating, 
although  at  many  sites  the  use  of  CAHs  as  electron  acceptors  appears  to  be  the  most 
likely. 

In  a  pristine  aquifer,  native  organic  carbon  is  utilized  as  an  electron  donor  and  DO  is 
utilized  first  as  the  prime  electron  acceptor.  Where  anthropogenic  carbon  (e.g.,  fuel 
hydrocarbons  or  low-molecular-weight  CAHs)’  is  present,  it  also  will  be  utilized  as  an 
electron  donor.  After  the  DO  is  consumed,  anaerobic  microorganisms  typically  use 
native  electron  acceptors  (as  available)  in  the  following  order  of  preference:  nitrate, 
ferric  iron  oxyhydroxide,  sulfate,  and  finally  carbon  dioxide.  Evaluation  of  the 
distribution  of  these  electron  acceptors  can  provide  evidence  of  where  and  how  CAH 
biodegradation  is  occurring.  In  addition,  because  CAHs  may  be  used  as  electron 
acceptors  or  electron  donors  (in  competition  with  other  acceptors  or  donors),  isopleth 
maps  showing  the  distribution  of  these  compounds  will  also  provide  evidence  on  the 
types  of  biodegradation  processes  acting  at  a  site. 
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As  with  BTEX,  the  driving  force  behind  redox  reactions  resulting  in  CAH 
degradation  is  electron  transfer.  Although  thermodynamically  favorable,  most  of  the 
reactions  involved  in  CAH  reduction  and  oxidation  cannot  proceed  abiotically  because 
of  the  lack  of  activation  energy.  Microorganisms  are  capable  of  providing  the 
necessary  activation  energy;  however,  they  will  facilitate  only  those  reduction/oxidation 
(redox)  reactions  that  have  a  net  yield  of  energy  (i.e.  AG°,<0).  A  more  complete 
description  of  the  main  types  of  biodegradation  reactions  affecting  CAHs  is  presented 
in  the  following  subsections. 

5.4.2. 1  Electron  Acceptor  Reactions  (Reductive  Dehalogenation) 

Under  anaerobic  conditions,  biodegradation  of  chlorinated  solvents  usually  proceeds 
through  a  process  called  reductive  dehalogenation.  During  this  process,  the 
halogenated  hydrocarbon  is  used  as  an  electron  acceptor,  not  as  a  source  of  carbon,  and 
a  halogen  atom  is  removed  and  replaced  with  a  hydrogen  atom.  In  general,  reductive 
dehalogenation  occurs  by  sequential  dehalogenation  from  TCE  to  DCE  to  vinyl 
chloride  to  ethene.  Depending  upon  environmental  conditions,  this  sequence  may  be 
interrupted,  with  other  processes  then  acting  upon  the  products.  During  reductive 
dehalogenation,  all  three  isomers  of  DCE  can  theoretically  be  produced;  however, 
Bouwer  (1994)  reports  that  under  the  influence  of  biodegradation,  cw-l,2-DCE  is  a 
more  common  intermediate  than  trans-\  ,2-T>CE,  and  that  1,1 -DCE  is  the  least 
prevalent  intermediate  of  the  three  DCE  isomers.  Reductive  dehalogenation  of 
chlorinated  solvent  compounds  is  associated  with  the  accumulation  of  daughter  products 
and  an  increase  in  chloride. 

Reductive  dehalogenation  affects  each  of  the  chlorinated  ethenes  differently.  Of 
these  compounds,  PCE  is  the  most  susceptible  to  reductive  dehalogenation  because  it  is 
the  most  oxidized.  Conversely,  vinyl  chloride  is  the  least  susceptible  to  reductive 
dehalogenation  because  it  is  the  least  oxidized  of  these  compounds.  The  rate  of 
reductive  dehalogenation  also  has  been  observed  to  decrease  as  the  degree  of 
chlorination  decreases  (Vogel  and  Mccarty,  1985;  Bouwer,  1994).  Murray  and 
Richardson  (1993)  have  postulated  that  this  rate  decrease  may  explain  the  accumulation 
of  vinyl  chloride  in  TCE  plumes  that  are  undergoing  reductive  dehalogenation. 

In  addition  to  being  affected  by  the  degree  of  chlorination  of  the  CAH,  reductive 
dehalogenation  can  also  be  controlled  by  the  redox  conditions  of  the  site  groundwater 
system.  In  general,  reductive  dehalogenation  has  been  demonstrated  under  anaerobic 
nitrate-  and  sulfate-reducing  conditions,  but  the  most  rapid  biodegradation  rates, 
affecting  the  widest  range  of  CAHs,  occur  under  methanogenic  conditions  (Bouwer, 
1994).  Dehalogenation  of  PCE  and  TCE  to  DCE  can  proceed  under  mildly  reducing 
conditions  such  as  nitrate  reduction  or  iron  (III)  reduction  (Vogel  et  al.,  1987),  while 
the  transformation  of  DCE  to  vinyl  chloride,  or  the  transformation  from  vinyl  chloride 
to  ethene  requires  more  strongly  reducing  conditions  (Freedman  and  Gossett,  1989; 
Destefano  et  al. ,  1991;  Bebrunin  et  al. ,  1992). 
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Because  CAH  compounds  are  used  as  electron  acceptors,  there  must  be  an 
appropriate  source  of  carbon  for  microbial  growth  in  order  for  reductive  dehalogenation 
to  occur  (Bouwer,  1994).  Potential  carbon  sources  can  include  low-molecular-weight 
compounds  (e.g.,  lactate,  acetate,  methanol,  or  glucose)  present  in  natural  organic 
matter,  or  fuel  hydrocarbons  such  as  BTEX. 

5. 4.2.2  Electron  Donor  Reactions 

Under  aerobic  conditions  some  CAH  compounds  can  be  utilized  as  the  primary 
substrate  (i.e.,  electron  donor)  in  biologically  mediated  redox  reactions  (Mccarty  and 
Semprini,  1994).  In  this  type  of  reaction,  the  facilitating  microorganism  obtains  energy 
and  organic  carbon  from  the  degraded  CAH.  In  contrast  to  reactions  in  which  the 
CAH  is  used  as  an  electron  acceptor,  only  the  least  oxidized  CAHs  can  be  utilized  as 
electron  donors  in  biologically  mediated  redox  reactions.  Davis  and  Carpenter  (1990) 
describe  the  aerobic  oxidation  of  vinyl  chloride  in  groundwater.  Mccarty  and  Semprini 
(1994)  describe  investigations  in  which  vinyl  chloride  was  shown  to  serve  as  a  primary 
substrate.  These  authors  also  document  that  dichloromethane  has  the  potential  to 
function  as  a  primary  substrate  under  either  aerobic  or  anaerobic  environments.  In 
addition,  Bradley  and  Chapelle  (1996)  show  evidence  of  oxidation  of  vinyl  chloride 
under  iron-reducing  conditions  so  long  as  there  is  sufficient  bioavailable  iron  (III). 
Murray  and  Richardson  (1993)  write  that  microorganisms  are  generally  believed  to  be 
incapable  of  growth  using  TCE  and  PCE.  Aerobic  metabolism  of  vinyl  chloride  may 
be  characterized  by  a  loss  of  vinyl  chloride  mass,  a  decreasing  molar  ratio  of  vinyl 
chloride  to  other  CAH  compounds,  and  the  presence  of  chloromethane. 

5. 4.2.3  Cometabolism 

When  a  CAH  is  biodegraded  through  cometabolism,  it  serves  as  neither  an  electron 
acceptor  nor  a  primary  substrate  in  a  biologically  mediated  redox  reaction.  Instead,  the 
degradation  of  the  CAH.  is  catalyzed  by  an  enzyme  or  cofactor  that  is  fortuitously 
produced  by  organisms  for  other  purposes.  The  organism  receives  no  known  benefit 
from  the  degradation  of  the  CAH;  rather  the  cometabolic  degradation  of  the  CAH  may 
in  fact  be  harmful  to  the  microorganism  responsible  for  the  production  of  the  enzyme 
or  cofactor  (Mccarty  and  Semprini,  1994). 

Cometabolism  is  best  documented  in  aerobic  environments,  although  it  potentially 
could  occur  under  anaerobic  conditions.  It  has  been  reported  that  under  aerobic 
conditions  chlorinated  ethenes,  with  the  exception  of  PCE,  are  susceptible  to 
cometabolic  degradation  (Murray  and  Richardson,  1993;  Vogel,  1994;  Mccarty  and 
Semprini,  1994).  Vogel  (1994)  further  elaborates  that  the  cometabolism  rate  increases 
as  the  degree  of  dehalogenation  decreases. 

In  the  cometabolic  process,  TCE  is  indirectly  transformed  by  bacteria  as  they  use 
BTEX  or  another  substrate  to  meet  their  energy  requirements.  Therefore,  TCE  does 
not  enhance  the  degradation  of  BTEX  or  other  carbon  sources,  nor  will  its 
cometabolism  interfere  with  the  use  of  electron  acceptors  involved  in  the  oxidation  of 


022/7224.‘>0/RICK/5 .  DOC 


5-32 


Revised  from  10/96  Revised  Draft  Version 
Resubmitted  2/97  for  Review 


those  carbon  sources.  It  is  likely  that  depletion  of  suitable  substrates  (BTEX  or  other 
organic  carbon  sources)  may  limit  cometabolism  of  CAHs. 

5. 4.2.4  Discussion 

At  the  HWSA,  the  principal  BTEX  degradation  processes  include  methanogenesis, 
iron  reduction,  sulfate  reduction,  and  nitrate/nitrite  reduction.  The  occurrence  of  these 
processes  indicates  that  environmental  conditions  at  the  HWSA  site  may  be  suitable  to 
support  rapid  reductive  dehalogenation  of  highly  chlorinated  compounds  such  as  TCE 
and  DCE.  However,  the  accumulation  of  vinyl  chloride  is  possible  under  these 
conditions,  because  the  rate  of  anaerobic  dechlorination  of  vinyl  chloride  can  slow 
dramatically. 

Previous  investigations  at  the  HWSA  have  documented  chlorinated  solvent 
contamination  consisting  of  TCE,  1,1-DCE,  trans-l,2-DCE,  VC,  and  1,1,1-TCA. 
TCE,  cis-  and  trans-l,2-DCE,  1,1-DCE,  1,2-DCA,  vinyl  chloride,  and  ethene  were 
measured  in  groundwater  samples  collected  from  site  monitoring  wells  and  monitoring 
points  in  1995  and  1996.  Results  are  presented  in  Section  4.  On  the  basis  of  the 
widespread  use  of  TCE  as  a  solvent  in  metal  degreasing,  the  limited  use  of  the  other 
chlorinated  compounds  in  non-industrial  applications,  and  'the  presence  of  these 
compounds  together  on-site,  it  is  probable  that  highly  chlorinated  solvents  such  as  TCE 
are  undergoing  anaerobic  biodegradation  via  reductive  dehalogenation  to  less 
chlorinated  solvents  (DCE  and  vinyl  chloride). 

Equally  as  important,  vinyl  chloride  is  apparently  undergoing  a  final  transformation 
to  ethene.  The  highest  concentration  of  ethene  was  detected  in  the  groundwater  sample 
from  monitoring  point  ESMP-17S.  This  groundwater  sample  also  contained  the  highest 
concentration  of  vinyl  chloride.  Ethene  was  also  detected  at  two  other  monitoring 
points  (ESMP-13S  and  ESMP-4S),  both  of  which  contained  measurable  concentrations 
of  chlorinated  VOCs.  These  data  suggest  that  vinyl  chloride  is  being  effectively 
mineralized  to  ethene,  rather  than  accumulating  in  the  subsurface.  However,  additional 
data  downgradient  from,  ESMP-17S  are  necessary  to  assess  the  effectiveness  of  natural 
chemical  attenuation  processes  at  bringing  about  complete  dechlorination  to  ethene. 
Installation  of  additional  monitoring  points  is  recommended  as  part  of  closure  activities 
to  confirm  the  extent  of  dissolved  contamination  near  ESMP-17  and  the  impact  of 
natural  chemical  attenuation  processes  on  vinyl  chloride. 

Applicable  interim  status  requirements  described  in  OAC  rule  3745-66- 13(b)(2)  will 
be  maintained  during  closure  activities  to  prevent  threats  to  human  health  and  the 
environment.  These  applicable  requirements  include  the  following: 

•  Maintenance  of  site  security  through  the  upkeep  of  the  existing  fence,  prevention 
of  unauthorized  entry,  and  preventing  unnecessary  physical  contact  with  or 
disturbance  of  contaminated  media; 
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•  Training  personnel  involved  with  the  site  in  proper  hazardous  waste  management 
procedures  (see  Section  7); 

•  Maintaining  communication  regarding  the  site  with  local  police,  fire,  and  spill 
response  authorities;  and 

•  Continued  groundwater  monitoring  to  verify  continued  decontamination  and 
interruption  of  potential  exposure  pathways. 

In  the  event  that  natural  chemical  attenuation  processes  and/or  exposure  controls  are 
determined  insufficient  to  achieve  acceptable  levels  in  groundwater,  implementation  of 
a  groundwater  oxygenation  system  at  the  leading  edge  of  the  dissolved  chlorinated 
plume  could  be  considered.  The  following  section  generally  describes  the  basic 
elements  of  a  groundwater  oxygenation  system  (such  as  air  sparging). 

5.5  ENGINEERED  GROUNDWATER  REMEDIATION 

If  natural  chemical  attenuation  processes  are  determined  to  be  insufficient  to 
transform  residual  vinyl  chloride  to  ethene,  oxygenation  of  the  groundwater  to  promote 
degradation  and  volatilization  could  be  considered.  Oxygenation  of  groundwater  could 
be  completed  using  either  a  passive  chemical  oxidant  system  or  an  active  system  such 
as  air  sparging.  The  objective  of  both  approaches  is  to  introduce  oxygen  into  the 
contaminated  aquifer  material  and  groundwater.  Treatment  may  occur  either  through 
volatilization  or  through  biodegradation  stimulated  by  adding  oxygen.  An  increase  in 
DO  in  groundwater  would  promote  rapid  aerobic  oxidation  of  vinyl  chloride. 

Figure  5.8  presents  a  conceptual  layout  of  a  sparging  system.  Although  sparging 
has  been  applied  at  numerous  sites,  the  current  understanding  of  sparging  performance 
and  effectiveness  is  limited.  One  potential  concern  is  the  tendency  for  injected  or 
introduced  oxygen  to  form  channels  in  the  aquifer.  When  one  of  these  channels 
intercepts  a  monitoring  well,  the  air  then  bubbles  up  through  the  well,  stripping 
contaminants  and  oxygenating  the  well  water.  As  a  result,  the  well  quickly  appears 
clean,  although  much  of  the  surrounding  aquifer  may  remain  untreated. 

Assuming  the  leading  edge  of  the  dissolved  chlorinated  plume  is  about  80  feet  in 
lateral  extent,  approximately  10  wells  may  be  needed  to  deliver  chemical  oxidants  such 
as  peroxide  or  oxygen  to  the  subsurface.  A  f)ilot  study  of  the  potential  feasibility  of 
using  either  passive  or  engineered  oxygenation  would  need  to  be  completed  if 
additional  site  characterization  data,  suggest  that  natural  chemical  attenuation  processes 
need  to  be  supplemented. 

5.6  CONTINGENCY  PLAN 

Should  the  proposed  remedial/closure  approach  fail  to  retard  dissolved 
contaminant  migration  and/or  achieve  the  long-term  closure  objectives  for  this 
site,  there  should  be  no  significant  impact  on  the  land  use  plans  for  the  site.  No 
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non-industrial  land  use  has  been  proposed;  the  site  will  soon  become  part  of 
taxiway  to  be  constructed  by  the  Poi'tland  Authority.  Exposure  controls  will  have 
to  maintained  to  prevent  potential  receptors  (e.g.,  onsite  workers)  from  coming 
into  direct  contact  with  impacted  media. 

Contingency  actions  would  only  be  necessary  if  potential  receptors  may  be 
subject  to  unacceptable  exposure  and/or  to  expedite  attainment  of  long-term 
closure  objectives.  Contingency  actions  would  only  need  to  be  considered  for 
implementation  if  the  following  events  occurred: 

•  The  proposed  soil  remediation  approach  was  not  sufficient  to  reduce  the  risk 
associated  with  direct  and  indirect  exposure  to  onsite  soils,  accounting  for 
the  long-term  use  of  the  land;  or 

•  The  results  of  at  least  two  (2)  consecutive  groundwater 

assessment/monitoring  events  indicated  that  site-related  contaminants  were 
migrating  beyond  site  boundaries  at  concentrations  that  could  pose  a 
potential  risk  to  downgradient  receptors;  or 

•  The  results  of  at  least  two  (2)  consecutive  groundwater 

assessment/monitoring  events  indicated  that  biodegradation  of  contaminants 
are  not  proceeding  at  rates  sufficient  to  either  limit  mobility  or  minimize 
mass/toxicity;  and 

•  The  proposed  engineered  groundwater  approach  (e.g.,  sparging)  was  not 
sufficient  to  promote  contaminant  mass/toxicity  reductions  or  limit  mobility. 

If  any  of  these  events  occur,  an  additional  assessment  event  will  be  conducted  to 
determine  the  existing  extent  of  contamination  and  to  locate  the  highest  zone  of 
contamination.  Once  again,  the  failure  of  the  proposed  remedial/closure  approach 
will  not  impact  the  current  or  proposed  uses  of  the  HWSA,  unless  groundwater 
must  be  extracted  for  long-term  potable  uses  or  saturated  soils  must  be  excavated 
(without  appropriate  personal  protective  equipment). 

5.7  COVER  ALTERNATIVES 

The  previous  sections  describe  the  closure  activities  deemed  appropriate  to  pursue  a 
risk-based  closure  of  the  HWSA.  However,  if  additional  site  data  such  as  pilot  test 
results  suggest  that  these  approaches  will  not  achieve  the  desired  level  of  risk  reduction 
at  the  site,  possible  contingency  actions  could  include  installation  of  a  cover  prior  to 
taxiway  construction  and  limited  groundwater  extraction  and  treatment.  This  level  of 
remediation  would  be  deemed  excessive  by  mostmofe  environmental  professionals  | 
given  the  levels  of  contamination  encountered  at  this  site  and  the  current  and  future 
uses  of  the  land  and  groundwater.  However,  for  completeness,  the  following  sections 
generally  prescribe  the  two  types  of  covers  that  could  be  considered  for  implementation 
at  this  site  in  the  event  that  additional  action  is  necessary  to  protect  potential  receptors. 
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Responsibility  for  closure  of  the  former  HWSA  was  transferred  on  September  30, 
1994  to  the  AFBCA.  Large  portions  of  the  original  base  have  been  transferred  to  the 
Rickenbacker  Port  Authority.  A  long-term  lease  is  currently  being  negotiated  for  all  of 
this  property,  including  the  area  immediately  surrounding  the  former  HWSA.  This 
lease  is  anticipated  to  be  signed  by  the  conclusion  of  calendar  year  19976.  Future  land 
use  of  the  former  HWSA  area  as  an  aircraft  taxiway/parking  area  has  been  identified  in 
the  land  reuse  plan.  Additionally,  the  lease  specifies  excavation  restrictions  at  the 
HWSA  site.  Redevelopment  of  the  area  and  construction  of  additional  infrastructure  is 
constrained  by  the  available  funding  and  the  schedule  designated  by  the  Rickenbacker 
Port  Authority.  Therefore,  any  contingency  closure  activities  such  as  the  construction 
of  a  long-term  engineered  cover  must  be  performed  in  conj  u  nctioneonduetion  with  the 
future  land  use  of  the  site.  Because  Rickenbacker  Port  Authority  has  not  yet  scheduled 
redevelopment  in  this  area,  the  detailed  design  and  construction  of  a  compatible 
engineered  cover  must  be  considered  only  as  long-term  contingency  actions.  The  area 
that  may  require  coverage  with  low-permeability  materials  would  extend  to  cover  all 
site-related  contaminated  soils  to  the  existing  fenceline. 

Any  contingency  cover  construction  willmay  need  to  meet  the  specifications  of  an 
alternative  hazardous  waste  unit  cover  approved  by  the  Ohio  EPA.  Because  this  section 
only  conceptually  describes  potential  contingency  actions  involving  covers,  no  detailed 
design  information  is  provided.  Should  such  a  cover  be  required,  the  design  of  all 
cover  components  would  be  subject  to  approval  by  the  Ohio  EPA.  One  possible 
contingency  cover  approach,  called' the  taxi  way  cover  herein,  would  tie  directly  into  a 
proposed  airport  taxi  way  and  would  be  constructed  of  compatible  materials  and  grade 
to  match  the  taxiway,  with  Ohio  EPA  approval  of  the  cover  specifications.  The 
taxiway  cover  also  would  include  a  subsurface  drainage  system  and  a  secondary 
hydraulic  barrier  to  minimize  the  potential  for  surface  water  to  infiltrate  contaminated 
soils  below  the  cover. 

A  second  possible  contingency  cover  approach  would  involve  capping  the  affected 
area  with  an  asphalt  cover.  This  approach  is  similar  to  the  taxi  way  cover  with  the 
exception  that  asphalt  would  be  used  as  the  primary  hydraulic  barrier  instead  of 
concrete.  This  approach  may  be  suitable  if  contingency  actions  are  required  in  advance 
of  construction  of  the  proposed  airport  taxiway.  In  this  way,  the  asphalt  cover  could  be 
easily  converted  to  the  taxiway  cover  in  the  future,  if  necessary. 

f 

The  following  sections  present  a  general  rationale  for  selection,  the  materials 
required  for  implementation,  the  primary  functional  components,  and  the  installation 
requirements  for  each  of  the  contingency  covers.  No  detailed  design  elements  have 
been  included,  because  closure  is  proposed  to  be  implemented  using  the  methods 
described  previously. 
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5.76.1  Taxiway  Cover 

5.76.1.1  Basis  for  Design 

The  taxiway  cover  may  be  a  suitable  contingency  action  to  implement  at  the  former 
HWSA  based  on  the  most  probable  future  land  use  of  site  as  an  airport  taxiway  as 
indicated  by  representatives  of  the  Rickenbacker  Port  Authority.  The  proposed 
concrete  cover  over  the  affected  site  area  would  be  designed  and  constructed  to  tie  into 
the  remainder  of  the  proposed  airport  taxiway,  creating  a  continuous  concrete  surface 
that  can  be  used  for  aircraft  operations.  A  typical  landfill-type  cover  (i.e.,  a  raised 
mound  with  surface  vegetation)  over  the  affected  area  was  not  selected  because  of  the 
relatively  small  area  (approximately  16,000  square  feet,  or  0.3  acre)  requiring  cover 
and  because  it  would  break  up  the  continuity  of  the  taxiway. 

The  effectiveness  of  the  contingency  taxiway  cover  is  expected  to  be  high.  The 
permeability  of  mature,  good-quality  concrete  is  typically  on  the  order  of  1  x  10 
cm/sec  (Portland  Cement  Association,  1990).  The  measured  hydraulic  conductivity  of 
quality  concrete  is  critically  affected  by  the  water-cement  ration  of  the  mix,  and  is 
expected  to  range  from  1  x  10  cm/sec  to  4  x  10'^  cm/sec  for  water-cement  ratios  of 
0.4  to  0.7,  respectively.  In  comparison.  Resource  Conservation  and  Recovery  Act 
[RCRA]  cover  requirements  standards  require  a  minimum  of  at  least  a  24-inch-thick 
layer  of  compacted  clay  soil  with  a  maximum  hydraulic  conductivity  of  1  x  10'^ 
cm/sec,  combined  with  a  geomembrane  that  is  at  least  20-mils  thick. 

The  concrete  mix  specification  and  QA/QC  of  cover  construction  will  be  fully 
developed  in  the  detailed  design  of  any  contingency  cover,  which  will  then  be 
submitted  to  Ohio  EPA  as  part  of  an  amended  closure  plan.  The  design  specifications 
will  require  demonstrating  that  the  concrete  layer  is  equivalent  to  the  RCRA  standard  of 
24  inches  of  compacted  clay  with  a  permeability  not  exceeding  1  x  10  ^  cm/sec. 
Therefore,  in  the  event  that  such  a  contingency  cover  is  required,  the  taxiway  cover 
specifications  would  likely  describe  a  minimum  of  14  inches  of  concrete  with  a 
hydraulic  conductivity  notne  exceeding  1  x  10'*'  cm/sec.  This  would  be  substantially  | 
more  protective  than  the  RCRA  equivalent  of  24  inches  of  material  with  a  permeability 
not  exceeding  1  x  10'^  cm/sec. 

Because  of  the  extreme  loading  condition^  expected  to  be  placed  on  the  airport 
taxiway,  the  concrete  mix  would  be  designed  to  have  high  strength  and  low  shrinkage 
characteristics.  A  minimum  concrete  thickness  of  14  inches  is  anticipated  for  structural 
compatibility  with  the  taxiwayeontingency  cover.  The  design  of  the  taxiway  cover  | 
would  ensure  that  the  number  of  control  joints  over  the  affected  area  would  be 
minimized,  and  that  the  necessary  joints  would  be  placed  strategically  to  reduce  the 
potential  for  concrete  cracking.  All  of  the  control  joints  would  be  constructed  with 
backer  rod  and  caulking  sealant  to  prevent  water  infiltration.  In  order  to  control  the 
limited  quantity  of  water  that  may  infiltrate  through  the  concrete  cover,  a  subsurface 
drainage  system  and  underlying  secondary  hydraulic  barrier  would  be  installed.  These 
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components  of  the  taxiway  cover  would  ensure  that  surface  water  infiltration  into  the 
contaminated  subgrade  soils  would  be  minimized.  Because  water  would  be  collected  in 
the  subsurface  drain  system,  the  quantity  of  infiltration,  hence  the  effectiveness  of  the 
concrete  cover,  could  be  monitored. 

Periodic  inspections  and  possibly  maintenance  of  the  cover  would  be  required. 
However,  because  of  the  small  cover  area,  these  activities  could  be  accomplished  with 
relative  ease.  Maintenance  of  the  cover  may  involve  sealing  of  joints  and  possibly 
replacement  of  part  of  the  concrete  surfacing.  Compaction  of  the  subgrade  soils  prior 
to  placement  of  the  subsurface  drain  and  the  concrete  cover  would  limit  settlement- 
related  maintenance  requirements.  Proper  functioning  of  the  subsurface  drain  would 
limit  the  impact  of  freeze-thaw  effects  on  the  cover. 

Other  benefits  of  the  taxiway  cover  include  limited  cut  and  fill  activities,  minimal  to 
no  offsite  waste  disposal  requirements,  and  ease  of  construction.  In  comparison  to  a 
standard  RCRA  cover,  the  quantity  of  fill  and  the  grading  requirements  for  the  taxiway 
cover  would  be  negligible.  Because  construction  methods  and  final  surface  grade 
elevations  already  would  be  established  for  the  remainder  of  the  airport  taxiway, 
installation  of  the  concrete  cover  would  be  significantly  easier  than  installation  of  a 
standard  RCRA  cover. 

5.76.1.2  Cover  Materials 

The  layers  for  the  taxiway  cover  include  the  same  materials  to  be  used  for  the 
remainder  of  the  airport  taxiway,  with  the  addition  of  materials  used  to  control 
subsurface  drainage.  The  materials  included  in  the  cross-section  of  the  proposed 
taxiway  cover  are  presented  on  Figure  5.9  and  include  the  following,  listed  in  order  of 
■placement  (i.e.,  from  bottom  to  top); 

•  Geomembrane  (flexible,  impermeable  membrane  liner), 

•  Geonet  (fabricated  drainage  net), 

•  Geotextile  (filter  fabric), 

•  Base  course  (aggregate),  and 

f 

•  Concrete. 

The  uppermost  layer  would  consist  of  at  least  14  inches  of  concrete.  This  layer 
would  act  as  a  hydraulic  barrier,  restricting  precipitation  infiltration  from  reaching  the 
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subsurface  soils.  A  minimum  of  14  inches  of  concrete  will  be  placed  with  hydraulic 
conductivity  not  exceeding  1  x  10  *  cm/sec.  To  meet  this  specification,  a  maximum 
water-cement  ratio  will  be  met  in  the  concrete  mix  (as  specified  in  the  detailed  design 
for  the  cover).  Verification  of  concrete  hydraulic  conductivity  will  be  performed  by 
collection  of  representative  concrete  core  samples,  and  laboratory  testing  using  astm  d- 
5084  (  measurement  of  hydraulic  conductivity  of  saturated  porous  materials  using  a 
flexible  wall  perimeter).  At  least  two  representative  core  samples  will  also  be 
collected  across  the  completed  control  joints  for  laboratory  testing  of  hydraulic 
conductivity  using  ASTM  D-5084.  The  specified  concrete  mix  will  be  consistent  with 
the  materials  placed  for  the  remainder  of  the  proposed  taxiway. 

Prior  to  placement  of  the  cover  materials,  the  existing  ground  surface  will  be 
compacted  to  provide  a  stable  base  for  the  overlying  cover.  The  finished  subgrade 
surface  will  be  smooth  and  evenly  graded,  and  will  be  free  of  protruding  particles  or 
objects  that  may  be  unsuitable  for  installation  of  the  overlying  geomembrane. 
Consideration  would  be  given  to  the  overall  surface  drainage  and  taxiway  grading  plan. 
The  minimum  1 -percent  slope  of  the  subgrade  would  be  established  to  allow  for 
adequate  functioning  of  the  subsurface  drainage  system.  This  slope  may  be  modified 
based  on  the  required  design  capacity  of  the  subsurface  drain. 

The  top  two  layers  of  the  taxiway  cover  (i.e.,  base  course  and  concrete)  would 
match  the  design  specifications  of  the  remainder  of  the  proposed  airport  taxiway.. 
Because  the  final  taxiway  design  has  not  yet  been  specified,  the  discussions  presented 
for  these  two  layers  are  brief.  -Details  regarding  the  design  of  the  airport  taxiway  are 
expected  to  be  presented  by  the  Rickenbacker  Port  Authority  by  spring  1996.  The 
remaining  layers  of  the  taxiway  cover  alternativecontingency  option  are  described  with 
respect  to  the  materials  used  and  their  primary  function  in  the  following  paragraphs. 

Geomembrane 

A  geomembrane,  or  flexible  membrane  liner  (FML),  would  be  placed  immediately 
above  the  graded,  compacted  surface  soils  and  would  function  as  a  hydraulic  barrier, 
restricting  infiltration  from  reaching  the  underlying  contaminated  soils.  The 
geomembrane  would  be  specified  to  meet  the  Ohio  EPA  regulatory  requirements  for 
geosynthetic  cover  materials  (i.e.,  60-mil,  linear-low-density  polyethylene).  In 
addition,  the  specifications  for  the  geomembrane  would  be  based  on  the  strength 
requirements  for  construction-related  and  long-term  loading  conditions.  Neither 
chemical  compatibility  nor  settlement-related  stresses  at  the  site  are  expected  to  impact 
the  design  life  of  the  geomembrane. 

Geonet 

Above  the  geomembrane,  a  geonet  fabric  would  be  placed  to  provide  a  drainage 
layer  that  promotes  lateral  transport  of  water  to  the  downgradient  edges  of  the  affected 
area.  This  drainage  layer  would  reduce  the  potential  for  buildup  of  hydraulic  head  on 
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the  geomembrane,  thereby  minimizing  the  potential  for  downward  transport  of  water 
into  the  contaminated  subsurface  soils.  The  geonet  would  be  specified  based  on  the 
estimated  infiltration  rate  through  the  concrete  and  the  slope  of  the  graded  surface  on 
which  the  geomembrane  and  the  overlying  layers  would  be  placed.  Because  of  the 
relatively  small  area  that  requires  lateral  drainage,  procurement  and  installation  of  the 
geonet  should  be  less  expensive  in  comparison  to  a  sand  drainage  layer.  In  addition, 
geonet  is  proven  to  function  as  well  as  sand  and  is  considered  easier  to  install. 
Specification  of  the  geonet  would  consider  a  reduced-flow  capacity  attributable  to 
vertical  loading  from  the  overlying  cover  materials. 

Geotextile 

A  geotextile  would  be  placed  above  the  geonet  and  below  the  base  course  layer  in 
order  to  prevent  fine-grained  soil  particles  from  migrating  into  the  geonet.  This  would 
prevent  clogging  of  the  geonet,  allowing  it  to  maintain  functionality  over  the  design 
lifetime  of  the  cover.  The  combination  of  the  geotextile  and  the  geonet  would  serve  as 
a  protective  layer  for  the  geomembrane,  which  otherwise  could  be  subject  to  potential 
puncturing  from  the  overlying  base  course  materials.  The  geotextile  would  be  specified 
for  the  final  design  on  the  basis  of  the  particle-size  gradation  of  the  overlying  base 
course  and  the  strength  requirements  required  by  construction-related  and  long-term 
loading  conditions.  Specification  of  the  geotextile  would  ensure  adequate  permeability 
and  soil-filtering  characteristics. 

Base  Course 

Immediately  below  the  concrete,  a  minimum  of  7  inches  of  compacted  granular  base 
course  would  be  placed.  This  layer  would  provide  a  stable  foundation  for  the  concrete 
surface,  and  also  would  act  as  a  drain  to  move  water  away  from  the  concrete  to 
minimize  the  potential  for  freeze-thaw  effects.  The  base  course  materials  would  be 
consistent  with  the  stabilized  subbase  materials  to  be  used  for  the  remainder  of  the 
airport  taxiway. 

Concrete 

The  uppermost  layer  would  consist  of  14  inches  of  reinforced  concrete.  This  layer 
would  act  as  a  hydraulic  barrier,  restricting  precipitation  infiltration  from  reaching  the 
subsurface  soils.  ■ 

5.76.1.3  Subsurface  Drainage  System 

Infiltration  through  the  concrete  layer  of  the  proposed  cover  is  expected  to  be 
minimal.  However,  small  amounts  of  water  may  infiltrate  through  construction  joints 
or  may  be  transported  laterally  from  surrounding  areas.  The  concrete-mix  specification 
and  control  joint  design  will  be  fully  developed  in  the  detailed  design  of  this 
contingency  cover,  as  needed.  In  order  to  control  these  waters  for  purposes  of 
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minimizing  hydraulic  head  buildup  on  the  geomembrane  and  the  effects  of  freeze-thaw, 
a  subsurface  drainage  system  would  be  incorporated  into  the  cover  design. 

The  subsurface  drainage  system,  consisting  of  geotextile  and  geonet  and  perimeter 
toe  drains,  would  be  designed  to  direct  any  infiltrating  water  to  the  downgradient  edges 
of  the  cover  system,  where  it  would  be  conveyed  by  toe  drains  to  underground  piping 
for  discharge  into  the  nearest  stormwater  sewer  or  drainage  channel.  Any  permitting 
requirements  that  would  need  to  be  considered  as  a  result  of  this  potential 
approach  will  be  identified  and  satisfied  if  implementation  of  this  contingency 
option  becomes  necessary.  Grading  of  the  existing  ground  surface  and  installation  of 
a  geonet  blanket  over  the  geomembrane  would  promote  drainage  to  the  downgradient 
edges  of  the  cover  system.  Toe  drains,  as  shown  on  Figure  5,9,  would  be  installed  on 
the  southeastern  and  northeastern  edges  of  the  cover  system.  The  toe  drains  would 
consist  of  perforated  plastic  piping  placed  at  a  minimum  0.5-percent  slope  within 
gravel-filled  trenches.  The  toe  drains  would  join  at  the  eastern  corner  of  the  cover 
system,  where  the  drainage  would  combine  and  drop  into  an  underground  pipe  that 
would  convey  the  water  to  the  nearest  storm  sewer  or  drainage  channel. 

5.76.1.4  Surface  Water  Control 

The  grade  of  the  concrete  cover  would  be  consistent  with  the  remainder  of  the 
airport  taxi  way,  allowing  for  surface  drainage  to  be  controlled  based  on  the  design  of 
the  entire  taxiway.  It  is  assumed  that  during  the  design  of  the  airport  taxi  way,  “k 
surface  water  drainage  plan  will  be  completed.  The  surface  water  drainage  plan  for  the 
airport  taxiway  should  ensure  that  no  drop  structures  or  drainage  swales  are  installed 
within  the  boundaries  of  the  cover  system.  It  is  recommended  that  this  plan  account  for 
the  presence  of  the  proposed  cover  system  by  directing  surface  flow  away  from  the 
cover.  It  is  expected  that  the  airport  taxiway  will  be  designed  to  eliminate  ponding  by 
establishment  of  an  adequate  grade  that  directs  surface  runoff  to  control  structures  such 
as  drop  boxes  and  drainage  swales.  A  minimum  of  1 -percent  slope  of  the  engineered 
cover  will  be  basis  of  design  for  surface  water  control  above  the  HWSA.  The 
minimum  slope  of  the  finished  cover  will  be  maintained  throughout  the  post-closure 
period.  Any  decreases  in  the  slope  due  to  settling  or  other  deterioration  of  the  cover 
will  be  promptly  corrected  as  part  of  post-closure  maintenance  of  the  contingency 
cover. 

5.76.1.5  Installation  Procedures 

Installation  of  the  contingency  taxiway  cover  would  include  site  preparation, 
installation  of  the  subsurface  drainage  system,  and  installation  of  the  layers  consistent 
with  the  remainder  of  the  airport  taxiway  (i.e. ,  base  course  and  concrete  surfacing). 
Installation  of  the  airport  taxiway  layers  would  follow  procedures  established  for  the 
remainder  of  the  taxi  way;  therefore,  this  report  does  not  discuss  this  construction 
activity  in  detail.  Installation  of  the  subsurface  drain  would  include  the  following 
construction  activities:  site  preparation;  trenching  for  perimeter  toe  drains  and  transport 
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piping  to  the  nearest  storm  sewer;  installation  of  toe  drain  materials  and  related  piping; 
and  installation  of  the  geomembrane,  geonet,  and  geotextile  layers.  The  construction 
activities  associated  with  installation  of  the  subsurface  drain  system  are  discussed  in  the 
following  subsection. 

Site  preparation  for  the  taxiway  cover  would  consist  of  clearing  the  surface  of 
vegetation,  sharp  objects,  and  other  debris.  Building  560  and  the  associated  foundation 
and  pavement  would  be  removed  from  the  site.  The  site  would  then  be  graded  and 
compacted  using  standard  earthmoving  equipment. 

Trenching  from  the  eastern  corner  of  the  cover  to  the  nearest  storm  sewer  and  along 
the  southeastern  and  northeastern  edges  of  the  proposed  cover  for  the  toe  drain  would 
be  required.  This  work  would  be  performed  using  conventional  trenching  and 
earthmoving  equipment.  Materials  excavated  during  the  trenching  would  be 
characterized  and  either  disposed  of  or  used  as  fill  material  during  the  site  grading 
activities.  Construction  of  the  toe  drains  would  include  laydown  of  the  geosynthetics 
that  line  the  toe  drain  trenches,  installation  of  perforated  plastic  piping,  and  backfilling 
of  the  trenches  with  gravel.  QA/QC  activities  would  be  required  to  ensure  satisfactory 
trench  and  piping  grades  and  to  ensure  that  installation  of  the  geosynthetics  meets 
applicable  manufacturers'  requirements.  Piping  to  the  storm  sewer  would  be  installed 
following  standard  construction  and  QA/QC  procedures  for  this  type  of  work. 

Material  quality  and  installation  of  the  geomembrane,  geonet,  and  geotextile  would 
conform  to  QA/QC  guidelines  set  forth  in  EPA/600/R-93/182,  Quality  Assurance  and 
Quality  Control  for  Waste  Containment  Facilities  (USEPA,  1993)  and  to  the  design 
specifications  developed  for  the  site  work.  Following  placement  of  the  geosynthetics, 
installation  of  the  materials  associated  with  the  airport  taxiway  would  be  performed. 
Design  specifications  would  ensure  that  the  subsurface  drain  geosynthetics  are  not 
damaged  during  the  taxiway  construction  activities.  Specifications  would  also  include 
requirements  for  surface  water  controls  to  minimize  run-on  to  the  site  during 
construction  activities.  All  construction  activities  associated  with  installation  of  the 
taxiway  cover  would  conform  to  OSHA  guidelines. 

5.76.2  Asphalt  Cover 

5.76.2.1  Basis  of  Design 

f 

An  asphalt  cover  could  be  a  potential  contingency  approach  for  closure  of  the  former 
HWSA  in  the  event  that  the  taxiway  cover  is  deemed  inappropriate,  unnecessary,  or 
delayed.  Specific  factors  influencing  the  selection  include  the  ease  with  which  the 
alternative  could  be  converted  to  an  airport  taxiway,  the  proven  effectiveness  of  asphalt 
in  similar  applications,  and  the  relatively  small  area  that  requires  covering.  This 
subsection  discusses  these  factors  in  detail. 

Because  the  site  is  likely  to  be  used  as  an  airport  taxiway  at  some  time  in  the  future, 
special  consideration  was  given  to  cover  system  alternatives  that  could  be  easily 
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converted  to  this  type  of  land  use.  Conversion  of  the  proposed  asphalt  cover  would 
involve  removal  of  the  asphalt  surfacing,  possible  replacement  of  the  base  course  layer 
that  functions  as  foundation  material,  and  installation  of  concrete  surfacing  consistent 
with  the  remainder  of  the  proposed  airport  taxiway.  In  contrast,  conversion  of  a 
standard  RCRA  cover  would  involve  complete  removal  of  not  only  the  cover  materials, 
but  also  of  the  general  backfill  materials  used  to  establish  an  adequate  cover  grade.  In 
addition,  following  removal  of  the  cover  and  fill  materials,  a  subsurface  drainage 
system  (as  described  for  the  taxiway  cover)  would  need  to  be  installed  prior  to  laydown 
of  the  foundation  base  course  and  concrete  surfacing.  Under  the  contingency  asphalt 
cover  approach,  the  subsurface  drainage  system  incorporated  into  the  design  and 
installation  of  the  cover  could  be  salvaged  and  reused  in  the  conversion  to  a  concrete 
taxiway  cover. 

The  effectiveness  of  asphalt  as  a  hydraulic  barrier  is  well  understood,  from  extensive 
research  and  numerous  full-scale  applications  (Asphalt  Institute,  1976  and  1989; 
Battelle  Pacific  Northwest  Laboratories,  1994).  The  primary  factor  that  impacts  the 
effectiveness  of  asphalt  as  a  hydraulic  barrier  is  aging,  which  can  lead  to  cracking. 
Aging  processes  occur  due  to  the  exposure  of  the  asphalt  to  ultraviolet  light,  freeze- 
thaw  effects,  and  dynamic  loading.  The  first  factor,  exposure  to  ultraviolet  light, 
would  be  controlled  at  the  site  by  application  of  a  seal  coat  on  the  surface  of  the 
asphalt.  The  seal  coat  would  protect  the  underlying  asphalt  and  act  as  a  sacrificial  layer 
to  oxidation  processes.  Periodic  inspections  of  the  cover  would  allow  reapplication  of 
seal  Coating  as  necessary.  The  freeze-thaw  effects  on  the  asphalt  cover  are  expected  to 
be  minimal  due  to  surface  water  and  subsurface  water  control  inherent  in  the  design. 
Establishment  of  an  adequate  surface  grade  would  ensure  that  no  ponding  occurs,  and 
the  subsurface  drainage  system  would  function  to  conduct  subsurface  water  away  from 
the  bottom  of  the  cover  system.  The  seal  coat  also  would  minimize  the  infiltration  of 
water  into  the  asphalt  layer.  Dynamic  loading  (e.g.,  vehicle  traffic)  on  the  cover 
would  be  controlled  by  establishing  vehicle  access  weight  restrictions  in  the  area. 
Traffic  on  this  cover  would  be  restricted  to  passenger  vehicles  such  as  cars  and  trucks. 
Aircraft  traffic  would  not  be  allowed  on  the  asphalt  cover  area.  The  lack  of  significant 
dynamic  loading  would  ensure  the  integrity  of  the  barrier  should  micro-cracks  occur. 

The  effectiveness  of  asphalt  is  well-established  for  similar  applications.  In  1990, 
following  regulatory  approval  from  the  Washington  State  Department  of  Ecology,  a 
similar  engineered  cover  with  asphalt  surfacing  and  an  underlying  geomembrane  was 
installed  for  a  site  in  Tacoma,  Washington.  Six  months  after  installation,  a  rainstorm 
equivalent  to  a  100-year  storm  event  occurred  in  the  area.  Monitoring  of  the 
subsurface  showed  that  there  was  no  leakage  through  the  asphalt  cover.  Cores  taken 
from  the  cover  were  measured  to  have  permeabilities  on  the  order  of  10’^  cm/sec 
(Schlect,  1991).  More  recently,  asphaltic  concrete  was  chosen  as  the  primary  hydraulic 
barrier  for  the  engineered  cover  at  Operable  Unit  4  at  Rocky  Flats  Environmental 
Technology  Site,  near  Denver,  Colorado.  Asphalt  was  chosen  for  this  cover  based 
primarily  on  its  extremely  low  permeability  and  its  durability  for  long  time  periods 
(Parsons  ES,  1995b). 
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Design  of  an  asphalt  cover  at  the  site  would  involve  development  of  an  appropriate 
mix  specification  that  places  an  emphasis  on  low  permeability,  flexibility,  and  strength. 
Based  on  extensive  research,  it  is  well  documented  that  mixes  having  higher  asphalt 
contents  (6  to  9  percent)  and  smaller-size  aggregates  are  generally  more  flexible  and 
have  lower  jjermeabilities  than  typical  roadway  paving  mixes.  Consideration  would  be 
given  to  these  variables  during  design  specification  of  the  asphalt  mix  to  be  used  for  the 
cover.  In  addition,  compaction  control  during  placement  can  be  used  to  positively 
impact  the  strength  and  permeability  of  the  asphalt  cover.  An  asphalt  cement  that  is 
more  applicable  for  hydraulic  linings  would  be  chosen  over  roadway  asphalt  cements 
based  on  the  need  for  superior  flexibility  and  resistance  to  weathering. 

Because  of  the  relatively  small  area  that  requires  covering,  installation  of  a  standard 
RCRA  cover  is  judged  to  be  impractical.  Startup  efforts  for  installation  of  a  RCRA 
cover  would  be  significantly  more  intensive  than  for  an  asphalt  cover.  A  borrow- 
source  investigation  and  a  laboratory  testing  program  would  be  required  to  identify  an 
adequate  source  of  clay.  There  are  no  known  sources  local  to  the  site  that  have  a 
supply  of  acceptable  clay  for  RCRA  liner  applications.  Identification  of  an  asphalt 
contractor  who  has  access  to  acceptable  materials  and  the  appropriate  level  of 
experience  and  determination  of  a  design  mix  for  the  asphalt  concrete  that  meets 
appropriate  requirements  for  strength  and  permeability  are  not  expected  to  pose  any 
difficulties.  Typical  requirements  for  installation  of  a  RCRA  cover  include 
construction  of  a  test  pad  to  define  adequate  placement  methods  for  the  compacted  clay 
portion  of  the  cover.  Assuming  stajidard  dimensions,  the  test  pad  would  cover  an  area 
approximately  one-tenth  the  size  of  the  entire  cover.  QA  testing  during  installation  of  a 
RCRA  cover  would  require  significantly  greater  time  and  expense  than  that  for  an 
asphalt  cover.  It  is  estimated  that  an  asphalt  cover  would  be  installed  in  less  than  50 
percent  of  the  time  required  for  installation  of  a  RCRA  cover. 

The  design  of  the  asphalt  cover  would  include  the  requirement  that  the  cover  consist 
of  a  continuous  pad  without  overlapping  cold  joints,  which  would  minimize  the  amount 
of  infiltration  through  the  cover.  Similar  to  the  taxiway  cover,  a  subsurface  drainage 
system  and  secondary  hydraulic  barrier  would  be  installed.  These  components  of  the 
proposed  asphalt  cover  would  ensure  that  surface  water  infiltration  into  contaminated 
subgrade  soils  at  the  HWSA  would  be  minimal.  Other  benefits  of  the  asphalt  cover  are 
similar  to  those  described  for  the  taxi  way  cover,  including  limited  cut-and-flll 
activities,  minimal  to  no  offsite  disposal  requirements,  and  ease  of  construction. 

In  summary,  installation  and  QA/QC  efforts  required  for  installation  of  a  cover  with 
a  compacted  clay  component  are  significantly  higher  than  for  the  proposed  asphalt 
cover.  As  discussed  above,  use  of  an  appropriate  asphalt  mix  specification  would  allow 
construction  of  a  durable  cover  with  extremely  low  permeability.  The  asphalt  cover 
would  require  traditional  construction  placement  techniques  and  would  include  the 
traditional,  well-established  QA/QC  methods  commonly  utilized  in  roadway 
construction.  Maintenance  of  an  asphalt  cover  would  be  relatively  simple,  with  the 
primary  activities  consisting  of  periodic  inspections  and  reapplications  of  the  surface 
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seal  coat.  Because  of  the  relatively  small  area  that  requires  covering,  the  disadvantages 
involved  with  the  installation  of  a  standard  RCRA  cover  at  the  site  are  judged  to 
outweigh  any  limited  benefits  that  a  RCRA  cover  may  have  over  a  simple  asphalt 
cover. 

5.76.2.2  Cover  Materials 

The  materials  for  the  asphalt  cover  are  the  same  as  those  for  the  taxiway  cover  with 
the  exception  of  the  surface  layer,  which  would  be  asphalt  instead  of  concrete.  The 
asphalt  would  function  as  a  hydraulic  barrier,  restricting  infiltration  from  reaching  the 
subsurface  soils.  The  layers  of  the  proposed  asphalt  cover  are  presented  on  Figure  5. 10 
and  include  the  following: 

•  Geomembrane  (FML), 

•  Geonet  (fabricated  drainage  net), 

•  Geotextile  (filter  fabric), 

•  Base  course,  and 

•  Asphalt  (including  seal  coat). 

This  subsection  discusses  the  layers  of  the  asphalt  cover.  For  each  of  the  layers,  a 
description  of  the  materials  to  be  used  and  the  primary  function  of  the  layer  is 
provided. 

Prior  to  placement  of  the  cover  materials,  the  existing  ground  surface  would  be 
graded  to  a  minimum  slope  of  1  percent  and  compacted.  As  described  for  the  taxiway 
cover,  the  grading  plan  would  be  designed  to  minimize  the  amount  of  cut  and  fill 
required,  attempting  to  use  the  existing  ground  contours  to  the  maximum  extent 
practical.  The  minimum  1 -percent  slope  of  the  subgrade  will  be  established  to  allow 
for  adequate  functioning  of  the  subsurface  drainage  system.  This  slope  may  be 
modified  on  the  basis  of  the  required  design  capacity  of  the  subsurface  drain. 

Geoineinbrane 

A  geomembrane  (FML)  would  be  placed  immediately  above  the  graded,  compacted 
ground  surface,  and  would  function  as  a  hydraulic  barrier,  restricting  infiltration  from 
reaching  the  underlying  contaminated  soils.  As  with  the  taxiway  cover,  the 
geomembrane  will  be  specified  to  meet  the  Ohio  EPA  regulatory  requirements  for 
geosynthetic  cover  materials  (i.e.,  60-mil,  linear-low-density  polyethylene).  In 
addition,  the  specifications  for  the  geomembrane  will  be  determined  from  the  strength 
requirements  for  construction-related  and  long-term  loading  conditions.  Neither 
chemical  compatibility  nor  settlement-related  stresses  at  the  site  are  expected  to  impact 
the  design  life  of  the  geomembrane. 
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Geonet 

As  described  for  the  taxiway  cover,  a  geonet  fabric  would  be  placed  above  the 
geomembrane  to  provide  a  drainage  layer  that  promotes  lateral  transport  of  water  to  the 
downgradient  edges  of  the  cover  system.  The  geonet  would  be  specified  on  the  basis  of 
the  estimated  infiltration  rate  through  the  asphalt  and  the  slope  of  the  graded  surface  on 
which  the  geomembrane  and  the  overlying  layers  will  be  placed.  Specification  of  the 
geonet  also  would  consider  the  reduction  in  flow  capacity  attributable  to  vertical 
loading  from  the  overlying  cover  materials. 

Geotextile 

A  geotextile  would  be  placed  above  the  geonet  and  below  the  base  course  layer  in 
order  to  prevent  fine-grained  soil  particles  from  migrating  into  the  geonet.  This  would 
prevent  clogging  of  the  geonet,  allowing  it  to  maintain  functionality  over  the  design 
lifetime  of  the  cover.  The  combination  of  the  geotextile  and  the  geonet  would  serve  as 
a  protective  layer  for  the  geomembrane,  which  otherwise  could  be  subject  to  potential 
puncturing  from  the  overlying  base  course  materials.  The  geotextile  would  be  specified 
for  the  final  design  on  the  basis  of  the  particle-size  gradation  of  the  overlying  base 
course  and  the  strength  requirements  dictated  by  construction-related  and  long-term 
loading  conditions.  Specification  of  the  geotextile  would  ensure  adequate  permeability 
and  soil-filtering  characteristics. 

Base  Course 

Immediately  below  the  asphalt  surfacing,  a  minimum  of  6  inches  of  granular  base 
course  would  be  placed.  This  layer  would  provide  a  stable  foundation  for  the  asphalt 
concrete  surface  and  would  also  act  as  a  drain  to  move  water  away  from  the  asphalt  to 
minimize  the  potential  for  freeze-thaw  effects.  The  base  course  materials  for  the 
asphalt  cover  would  be  similar  those  typically  specified  for  highway  base  courses.  The 
specifications  for  the  base  course  would  include  requirements  for  particle^size  gradation 
and  aggregate  durability. 

Asphalt 

The  uppermost  layer  of  the  cover  would  consist  of  a  minimum  of  6  inches  of  roller- 
compacted  asphalt.  This  layer  would  act  as  a  fiydraulic  barrier,  restricting  precipitation 
infiltration  from  reaching  the  subsurface  soils.  The  asphalt  design  mix  would  have  a 
relatively  high  asphalt  content  and  smaller  aggregate  sizes  than  typical  roadway  asphalt. 
The  mix  specification  combined  with  proper  placement  would  ensure  that  the  asphalt 
cover  has  a  permeability  lower  than  the  RCRA  standard  of  10'^  cm/sec  for  compacted 
clay  covers.  The  mix  specification  also  would  account  for  the  relevant  requirements 
for  strength  and  flexibility  of  the  asphalt.  Specifications  for  the  cover  installation 
would  include  the  appropriate  compaction  methods  and  QA/QC  requirements. 


022/722450/R1CK/5  .DOC 


5-49 


Revised  from  10/96  Revised  Draft  Version 
Resubmitted  2/97  for  Review 


Following  placement  of  the  asphalt,  a  seal  coat  would  be  applied  to  the  surface  to 
minimize  the  effects  of  oxidation. 

5.76.2.3  Cover  Configuration 

The  asphalt  cover  would  be  situated  in  the  same  position  as  the  taxiway  cover  and 
would  be  placed  as  one  continuous  pad  with  no  construction  joints.  The  proposed  cover 
would  extend  a  minimum  of  2  feet  beyond  the  existing  fence  which  lines  the  perimeter 
of  the  affected  area.  The  proposed  cover  would  be  approximately  100  feet  by  170  feet 
(approximately  0.3  acre). 

5.76.2.4  Subsurface  Drainage  Control 

The  subsurface  drainage  system  for  the  asphalt  cover  would  be  the  same  as  described 
for  the  taxiway  cover. 

5.76.2.5  Surface  Water  Control 

The  surface  water  control  measures  for  the  asphalt  cover  would  include  designing  a 
cover  grade  to  promote  runoff,  installation  of  drainage  swales  to  collect  the  runoff  and 
direct  it  to  the  nearest  storm  sewer,  and  construction  of  berms  to  limit  runon  from 
surrounding  areas.  The  grading  of  the  cover  would  follow  the  natural  ground  surface 
to  the  maximum  extent  practicable  while  still  promoting  runoff  to  the  downgradient 
edges  of  the  cover  (i.e.,  the  southeastern  and  northeastern  edges).  The  minimum  grade 
of  the  cover  would  be  determined  from  design  criteria  for  storm  water  flow  events. 
This  design  storm  event  also  would  allow  determination  of  design  flow  volumes  to  be 
used  for  drainage  swale  sizing  around  the  cover  and  to  offsite  facilities. 

Figure  5.10  presents  the  proposed  configuration  of  a  concrete-lined  swale,  and 
shows  the  conceptual  tie-in  to  the  cover  system.  Drainage  swales  would  be  constructed 
on  the  downgradient  edges  of  the  cover.  Temporary  berms  upgradient  from  the 
affected  area  would  be  constructed  as  necessary  to  control  runon  to  the  site  during 
construction.  Details  of  the  swale  specifications  and  other  surface  water  control 
measures  would  be  finalized  during  the  final  design  of  any  contingency  option. 

5.76.2.6  Installation  Procedures 

Installation  of  the  asphalt  cover  would  include  installation  of  the  subsurface  drainage 
system  and  installation  of  the  compacted  base  course  foundation  and  asphalt  surfacing. 
The  procedures  and  equipment  needed  for  site  preparation  and  installation  of  the 
subsurface  drainage  system  would  be  consistent  with  those  described  for  the  taxiway 
cover.  Installation  procedures  for  the  base  course  foundation  and  the  asphalt  surfacing 
are  described  below. 

Placement  of  the  base  course  foundation  for  the  asphalt  cover  would  involve 
spreading  and  compaction  with  standard  earthmoving  and  compaction  equipment. 
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Because  the  base  course  would  be  placed  directly  on  top  of  the  geotextile  layer,  the 
design  specifications  would  require  that  extreme  care  be  taken  not  to  damage  the 
geotextile  during  placement  and  compaction.  QA/QC  during  placement  of  the  base 
course  would  ensure  that  a  minimum  95  percent  of  the  maximum  dry  density  (per 
American  Society  for  Testing  and  Materials  D698)  is  achieved  by  compaction. 

Placement  of  the  asphalt  surfacing  would  be  performed  using  standard  paving 
construction  equipment  and  methods.  QA/QC  testing  during  placement  would  ensure 
that  the  minimum  specified  density  for  the  asphalt  is  achieved.  Following  placement  of 
the  asphalt  surfacing,  a  seal  coat  would  be  applied  using  standard  methods  for 
roadways. 
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SECTION  6 

SAMPLING  PLAN  AND  ANALYTICAL  PROCEDURES 


This  sampling  and  analytical  plan  has  been  developed  to  establish  a  general  protocol 
for  compliance  soil  and  quarterly  groundwater  sampling  at  the  HWSA  during  the  site 
closure  and  during  post-closure  monitoring.  In  addition,  this  plan  outlines  soil  gas 
testing  of  both  the  soil  remediation  and  groundwater  oxygenation  systems  that  will 
occur  during  site  closure  activities  at  the  HWSA.  Section  6.1  below  describes  the  soil 
gas  sampling  that  will  be  performed  during  the  operation  of  the  soil  remediation  and 
groundwater  oxygenating  systems  sampling.  Section  6.2  discusses  compliance  so’l  that 
will  be  performed  after  two  years  of  operation  of  the  soil  remediation  and  groundwater 
oxygenation  system  to  confirm  soil  contaminant  loss.  Section  6.3  discusses 
groundwater  sample  collection  procedures  that  will  be  used  in  all  quarterly  sampling 
events.  Section  6.4  outlines  sampling  handling  procedures,  and-  Section  6.5  discusses 
QA/QC  sample  collection  and  potential  interferences.  Section  6.6  presents 
procedures  for  calibrating  field  equipment.  Section  6.7  briefly  describes  a 
methodology  for  determining  horizontal  and  vertical  contaminant  migration  rates. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's  name 
and  signature. 

6.1  SOIL  GAS  SAMPLING 

Soil  gas  will  be  used  as  an  indicator  of  subsurface  hydrocarbon  contamination  and  to 
assess  the  effectiveness  of  in  situ  soil  remediation  (e.g.,  bioventing)  and  groundwater 
oxygenation  (i.e.,  biosparging)  operations  in  removing  source  contamination  at  the  site. 
The  use  of  soil  gas  to  delineate  potential  subsurface  contamination  and  to  determine 
effectiveness  of  source  reduction  technologies  has  several  economic  and  technical 
advantages  over  more  traditional  drilling  and  soil  sampling  techniques.  The  labor  and 
equipment  cost  can  be  significantly  less  than  a  conventional  drilling  and  sampling  team. 
Many  new  hydraulically  driven,  multi-purpose  probes  can  be  used  for  soil  gas 
sampling.  These  probes  can  be  advanced  as  quickly  as  conventional  augers  and  do  not 
produce  drill  cuttings  which  can  require  expensive  analysis  and  disposal.  Further,  soil 
gas  sampling  can  represent  the  average  chemistry  of  several  cubic  feet  of  soil  as 
compared  to  a  discrete  soil  sample,  which  can  only  describe  a  few  cubic  inches  of  the 
subsurface.  This  is  of  particular  importance  in  risk-based  remediation  projects  where 
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the  extent  of  contamination  and  the  degree  of  contaminant  removal  can  most  accurately 
be  determined  by  using  multiple  soil  gas  sampling  locations. 

6.1.1  Soil  Gas  Sampling  Frequency  And  Locations 

The  test  equipment  and  methods  that  will  be  required  to  conduct  field  soil  gas 
sampling  as  part  of  the  closure  activities  at  this  site  are  described  fully  in  Addendum 
One  To  Test  Plan  And  Technical  Protocol  For  A  Field  Treatability  Test  For  Bioventing 
-  Using  Soil  Gas  Surveys  To  Determine  Bioventing  Feasibility  And  Natural  Attenuation 
Potential  (Downey  and  Hall,  1994).  In  summary,  soil  gas  sampling  will  be  conducted 
initially  to  establish  a  soil  gas  chemistry  baseline  prior  to  implementation  of  the  soil 
remediation  and  groundwater  oxygenation  systems  at  the  site.  Field  screening 
analytical  samples  will  be  collected  at  least  oncetv^  per  year  during  system  operation  | 
to  assess  contaminant  removal  rates,  radius  of  influence,  and  oxygenation  of 
contaminated  saturated  and  unsaturated  soils.  Soil  gas  sampling  will  be  performed  at 
least  annuallyevery  6  months  during  operation  of  both  systems  to  measure  contaminant 
reduction,  oxygen  utilization,  and  biodegradation  rates. 

Once  soil  gas  contaminant  concentrations  and  respiration  rates  indicate  contaminant 
mass  loss  via  biodegradation,  confirmatory  soil  and  groundwater  (part  of  the  regularly 
planned  quarterly  groundwater  monitoring  schedule)  samples  will  be  collected  to  verify 
the  effectiveness  of  the  remediation  systems.  Proposed  soil  and  groundwater 
remediation/closure  actions  are  expected  to  significantly  decrease  contaminant  mass  in  | 
soil  and  groundwater  underlying  the  HWSA  in  approximately  2  years.  Results  of  soil 
gas  sampling  for  both  the  soil  remediation  and  groundwater  oxygenation  operations  will 
be  provided  to  Rickenbacker  ANGB,  AFCEE,  and  the  Ohio  EPA  to  update  all  parties 
involved  in  the  remediatienclosure  process. 

6.1.2  Soil  Gas  Sampling  Procedures 

Soil  gas  sampling  will  be  conducted  at  several  newly  installed  MPS  (and 
groundwater  monitoring,  air  sparging,  and  vent  wells  with  unsaturated  screen  when 
possible).  Gaseous  concentrations  of  carbon  dioxide  (CO2)  and  oxygen  (O2)  will  be 
measured  in  the  field  using  an  O2/CO2  analyzer.  The  analyzer  will  generally  have  an 
internal  battery-powered  sampling  pump  and  range  settings  of  0  to  25  percent  for  both 
O2  and  CO2.  Before  analyzing  samples,  the  analyzer  must  be  calibrated  and  the  battery 
charge  checked  in  accordance  with  the  manufacturer's  instructions.  Typically, 
tThe  analyzer  will  be  calibrated  daily  using  atmospheric  conditions  of  O2  (20.9  percent) 
AND  CO2  (0.05  percent)  and  a  gas  standard  containing  0.0  percent  O2  and  5.0  percent 
CO2.  Calibration  of  field  equipment  is  discussed  further  in  Section  6.6. 

Total  volatile  hydrocarbon  (TVH)  concentrations  also  will  be  measured  at  the 
HWSA.  The  TVH  analyzer  used  at  the  site  will  be  capable  of  measuring  hydrocarbon 
concentrations  in  the  range  of  1  to  20,000  parts  per  million,  volume  per  volume 
(ppmv).  The  analyzer  is  also  capable  of  distinguishing  between  methane  and  non- 
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methane  hydrocarbons.  The  TVH  analyzer  will  be  calibrated  daily  in  accordance  with 
the  manufacturer's  instructionsusing  a  4,000  ppmv  hexane  calibration  gas. 

All  soil  gas  samples  taken  during  monitoring  at  the  site  will  be  collected  using  3-liter 
Tedlar  bags  and  a  vacuum  chamber.  The  soil  gas  samples  will  be  analyzed  by 
attaching  the  O2/CO2  and  TVH  analyzers  directly  to  the  Tedlar®  bag.  Sample  locations 
identified  for  analytical,  compound-specific  analysis  will  be  re-sampled  using  3-liter 
Tedlar  bags  and  a  vacuum  chamber.  The  samples  will  then  be  transferred  to  1 -liter 
SUMMA  canisters  for  compound-specific  analysis  by  a  fixed-base  laboratory  using 
U.S.  Environmental  Protection  Agency  (USEPA)  Analytical  Method  TO-143^.  The  soil 
gas  sample  protocol  for  laboratory  analysis  and  field-screening  is  presented  in 
Tables  6.1  and  6.2,  respectively.  Practical  quantitation  limits  (PQLs)  for 
laboratory  soil  gas  samples  are  presented  in  Table  6.3  and  sample  container, 
volume,  preservation  techniques,  and  holding  times  are  shown  in  Table  6.4. 

Field  quality  assurance/quality  control  (QA/QC)  procedures  for  soil  gas  will  include 
collection  of  one  field  duplicate  for  every  10  samples  collected  (e.g.,  frequency  of  10 
percent),  use  of  analyte-appropriate  containers,  and  chain-of-custody  procedures  for 
sample  handling  and  tracking.  All  samples  to  be  transferred  to  the  analytical  laboratory 
for  analysis  will  be  clearly  labeled  to  indicate  sample  number,  location,  matrix  (e.g., 
soil  gas),  and  analyses  requested.  Samples  will  be  preserved  in  accordance  with  the 
analytical  method  to  be  used. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
noteboek-in  permanent  ink.  All  sample  collection  entries  will  include  the -date, -timer 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's- name 
and-signaturer 

The  analytical  laboratory  will  conduct  one  matrix  spike  analysis,  one  laboratory 
control  sample,  and  one  laboratory  blank  test  for  each  specific  analysis  requested  for 
soil  gas  (i.e.,  required  only  once  for  soil  gas  because  only  one  analytical  method  will 
be  used). 

6.2  COMPLIANCE  SOIL  SAMPLING 

Compliance  soil  sampling  will  be  performed  as  part  of  the  closure  activities  to  ensure 
that  soil  remedial  action  has  significantly  reduced  soil  contaminant  mass.  A  total  of 
nine  soil  samples  will  be  collected  at  the  HWSA  as  part  of  the  compliance  sampling 
program.  Eight  samples  will  be  collected  from  four  boreholes  within  the  soil  treatment 
area  and  one  QA/QC  sample  will  be  collected.  The  following  sections  describe 
borehole  installation,  soil  sampling,  procedures  for  equipment  decontamination,  and 
datum  surveying  procedures  to  be  used  as  part  of  the  soil  sampling  field  effort.  The 
analytical  protocol  for  compliance  soil  samples  is  presented  in  Tables  6.1  and  6.2. 
Requirements  for  soil  sample  containers,  volumes,  preservation,  and  holding  times 
are  presented  in  Table  6.4  and  PQLs  for  soil  sample  analysis  are  presented  in 
Table  6.5. 
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TABLE  6.1 

LABORATORY  ANALYTICAL  PROTOCOL  FOR 
GROUNDWATER,  SOIL,  AND  SOIL  GAS  SAMPLES 
HAZARDOUS  WASTE  STORAGE  AREA 
AMMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


MATRIX/ANALYSIS 

METHOD/REFERENCE 

GROUNDWATER 

Sulfate 

E300  or  SW9056 

Nitrate 

E300  or  SW9056 

Nitrite 

E300  or  SW9056 

Chloride 

E300  or  SW9056 

Alkalinity 

E310.1 

Methane,  Ethane,  and  Ethene 

RSKSOP175,  orSW3810,  modified 

Total  Organic  Carbon 

EPA  415.1,  or  SW9060 

Aromatic  and  Chlorinated 

Hydrocarbons  (BTEX), 
Trimethylbenzene  Isomers, 

Chlorinated  Compounds 

SW8260A 

Semivolatile  Organics 

SW8270B 

Total  Volatile  Petroleum 

Hydrocarbons 

SW8015,  modified  (Gasoline) 

SOIL 

Total  Organic  Carbon 

SW9060 

Moisture 

EPA  160.3 

Aromatic  and  Chlorinated 

Hydrocarbons  (BTEX) 

Trimethylbenzene  Isomers, 

Chlorinated  Compounds 

SW8260A 

Semivolatile  Organics 

SW8270B 

Total  Volatile  Hydrocarbons 

SW8015,  modified  (Gasoline) 

Biologically  Available  Iron  (IIII) 

Under  development 

SOIL  GAS 

Fuel  and  Chlorinated  VOCs 

TO- 14 

FREE  PRODUCT 

Aromatic  Hydrocarbons 

SW8020 
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TABLE  6.2 

FIELD  ANALYTICAL  PROTOCOL  FOR 
GROUNDWATER,  SOIL,  AND  SOIL  GAS  SAMPLES 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


MATRIX/ANALYSIS 

METHOD/REFERENCE 

GROUNDWATER 

Ferrous  Iron  (Fe+2) 

Colorimetric,  Hach  Method  8146 

Manganese 

Colorimetric,  Hach  Method  8034 

Sulfide 

Colorimetric,  Hach  Method  8131 

Nitrate 

Titrimetric,  Hach  Method  8039  and  8192 

Nitrite 

Titrimetric,  Hach  Method  8040 

Redox  Potential 

A2580B,  direct  reading  meter 

Oxygen 

Direct  reading  meter 

pH 

SW9040/9045,  direct  reading  meter 

Conductivity 

SW9050,  direct  reading  meter 

Temperature 

Direct  reading  meter 

Alkalinity  (Carbonate  (COS -2] 
and  Bicarbonate  [HC03-1]) 

Titrimetric,  Hach  Method  8221 

Carbon  Dioxide 

CHEMetrics  Method  4500 

Chloride 

Hach  Model  8P 

Ammonia--Diss.  Gas  in  Water 

CHEMetrics  Method  4500 

SOIL 

Total  Organic  Vapors 

Headspace  with  direct  reading  meter 

SOIL  GAS 

Total  Volatile  Hydrocarbons 

GasTech  analyzer,  or  equivalent 

Oxygen,  Carbon  Dioxide 

GasTcch  analyzer,  or  equivalent 

TABLE  6.3 

PRACTICAL  QUANTITATION  LIMITS  FOR  SOIL  GAS 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Volatile  Organics  1,1,1-TrichIoroethane  0.5 

TO-14  1 , 1 ,2,2-Tetrachloroethane  0.5 


TO-14  1 , 1 ,2,2-Tetrachloroethane  0.5 


1,1,2-Trichloroethane  0.5 


1,1-Dichloroethane  0.5 


1,1-Dichloroethene  0.5 


1,2,4-Trimethylbenzene  I  0.5 


1,3-Butadiene  2.0 


2-Butanone  (MEK)  2.0 


2-Hexanone  2.0 

2-PropanoI  2.0 


1,2-Dichloroethane  0.5 


1,2-Dichlorobenzene  0.5 


1,2-Dichloropropane  0.5 


1 , 3 , 5  -Tri  methyl  benzene  0 . 5 


1,3-Dichlorobenzene  0.5 


1,4-Dichlorobenzene  0.5 


Chlorotoliiene  0.5 


4-Ethyltoluene  2.0 


4-Methyl-2-pentanone  2.0 


Acetone  2.0 


Benzene  0.5 


Bromodichloromethane  2.0 


Bromoform  2.0 


Bromomethane  0.5 


Carbon  Disulfide  2.0 


Carbon  Tetrachloride  0.5 

Chlorobenzene  0.5 

Chloroethane  0.5 


Chloroform  0.5 


Chloromethane  0.5 


Chloroprene  2.0 

Cis- 1 ,2-DichIoroethene  0.5 


Cis- 1 ,3-DichIoropropene  0.5 

Cyclohexane  2.0 
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TABLE  6.3  (Continued) 

PRACTICAL  QUANTITATION  LIMITS  FOR  SOIL  GAS 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Soil  Gas 

Parameter/Method 

Analyte 

pQi? 

(ppbv 

Volatile  Orj^anics 

Dibromochloromethane 

2.0 

TO-14  (Cont) 

Ethanol 

2.0 

Ethylbenzene 

0.5 

Ethylene  Dibromide 

0.5 

Freon  11 

0.5 

Freon  12 

0.5 

Freon  114 

0.5 

Heptane 

2.0 

Hexachlorobutadiene 

0.5 

Hexane 

2.0 

m,p-XyIene 

0.5 

Methyl  t~Butyl  Ether  (MTBE) 

2.0 

Methylene  Chloride 

0.5 

Propylene 

2.0 

o-Xylene 

0.5 

Styrene 

0.5 

Tetrachloroethene 

0.5 

Tetrahydrofuran 

2.0 

Tricholoroethene 

0.5 

Toluene 

0.5 

Trans- 1 ,2-DichIoroethene 

2.0 

Trans- 1 ,3-Dichloropropene 

0.5 

Vinyl  Acetate 

2.0 

Vinyl  Chloride 

0.5 

SOURCE;  Air  Toxics  Ltd.,  Folsom,  California. 

PQLs  =  practical  quantitation  limits.  PQLs  are  equal  to  the  laboratory  reporting  limits, 
ppbv  =  parts  per  billion,  volume  per  volume. 
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TABLE  6.4 

REQUIREMENTS  FOR  CONTAINERS,  PRESERVATION  TECHNIQUES, 
SAMPLE  VOLUMES,  AND  HOLDING  TIMES 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Parameter 

Analytical 

Methods 

Container*^ 

Preservation*"^'^ 

Minimum 
Sample 
Volume  or 
Weight 

Maximum  Holding 
Time 

Alkalinity 

E310.1 

P,G 

50  mL'^ 

14  days 

Coinmon  Anions 

SW9056 

P,G 

None  required 

m 

28  days  for  Cf'''  and 

48  hours  for 
NOf'^and  NO/ 

Methane,  Etliane, 
and  Ethene 

SW3810, 

modified 

G,  Teflon- 
lined  cap 

4°C 

14  days 

Total  Organic 
Carbon 

SW9060, 

modified 

G,  wide 
mouth 

4°C 

200  inL 

28  days 

Aromatic  and 

Chlorinated 

Hydrocarbons 

SW8260A 

G,  Teflon- 
lined  septum, 

T 

4”C,  0.008% 
Na^Sp/  (HCl*^ 
to  pH  <  2  for 
volatile  aromatics 
by  SW8240  and 
SW826()) 

2  X  40  mL 
or  4  ounces 

14  days  (water  and 
soil);  7  days  if 
unpreserved  by  acid 

Semivolatile 
Organics 
including  PAHs 

SW8270B 

G,  Teflon- 
lined  cap,  T 

4T,  0.008% 
Na2S203 

1  liter  or 

8  ounces 

7  days  until 
extraction  and  40 
days  after  extraction 
(water);  14  days 
until  extraction  and 

40  days  after 
extraction  (soil) 

Total  Volatile 

Petroleum 

Hydrocarbons 

SW8()15, 

modified 

(Gasoline) 

G,  Teflon- 
lined  Septum, 

T 

4T 

2  X  40  mL 
or  4  ounces 

14  days 

Conductance 

SW9050 

P,G 

na'' 

TO- 14 

Summa 

1-liter 

14  days  | 

Polyethylene  (P);  glass  (G);  brass  sleeves  in  the  sample  barrel,  sometimes  called  California  brass  (T). 
No  pH  adjustment  for  soil. 

Preservation  with  0.008  percent  Na  S  O  is  only  required  when  residual  chlorine  is  present. 

.1/  .  2  2  3 


Degrees  Celsius 

mL  == 

Milliliter 

Cl  = 

Chloride 

SO4  - 

Sulfate 

NC^  = 

Nitrate 

NOS  = 

Nitrite 

Ni^^C^  = 

Sodium  thiosulfate 

Hcr= 

Hydrochloric  acid 

NA  = 

Not  applicable 
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TABLE  6.5 

PRACTICAL  QUANTITATION  LIMITS  FOR 
SOIL  AND  GROUNDWATER 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Parameter/Method 

Analyte 

Water 

Soil  1 

PQL 

Unit 

Volatile  Organics 

1,1,1 ,2-TetrachIoroethane 

0.5 

/Ig/Lb/ 

0.003 

mg/kg®/ 

SW5030A/SW8260A 

1 , 1 , 1-Trichloroethane 

0.8 

Mg/L 

0.004 

mg/kg 

(Wd/, 

1 , 1 ,2,2-Tetrachloroethane 

0.4 

/ig/L 

0.002 

mg/kg 

1 , 1 ,2-TrichIoroethane 

1.0 

Mg/L 

0.005 

mg/kg 

l,l“Dichloroethane 

0.4 

Mg/L 

0.002 

mg/kg 

l,l“Dichloroethene 

1.2 

Mg/L 

0.006 

mg/kg 

1 , 1  -Dichloropropene 

1.0 

Mg/L 

0.005 

mg/kg 

1 ,2,3~Trichlorobenzene 

0.3 

Mg/L 

0.002 

mg/kg 

1,2,3-Trichloropropane 

3.2 

/ig/L 

0.02 

mg/kg 

1 , 2, 4“Tri  chlorobenzene 

0.4 

Mg/L 

0.002 

mg/kg 

1 ,2,4-Trimethylbenzene 

1.3 

/ig/L 

0.007 

mg/kg 

1 ,2“DichIoroethane 

0.6 

/ig/L 

0.003 

mg/kg 

1 ,2-Dichlorobenzene 

0.3 

Mg/L 

0.002 

mg/kg 

1 ,2-Dibromo-3-Chloropropane 

2.6 

Mg/L 

0.01 

mg/kg 

1 ,2-Dichloropropane 

0.4 

|tg/L 

0.002 

mg/kg 

1 ,2-Dibromoethane 

0.6 

Mg/L 

0.003 

mg/kg 

1,3,5-TrimethyIbenzene 

0.5 

/ig/L 

0.003 

mg/kg 

1 ,3-Dichlorobenzene 

1.2 

Mg/L 

0.006 

mg/kg 

1 ,3-DichIoropropane 

0.4 

Mg/L 

0.002 

mg/kg 

1 ,4-DichIorobenzene 

0.3 

/ig/L 

0.002 

mg/kg 

1-Chlorohexane 

0.5 

/ig/L 

0.003 

mg/kg 

2,2-DichIoropropane 

3.5 

/ig/L 

0.02 

mg/kg 

2-Chlorotoluene 

0.4 

/ig/L 

0.002 

mg/kg 

4-Chlorotoluene 

0.6 

/ig/L 

0.003 

mg/kg 

Benzene 

0.4 

/ig/L 

0.002 

mg/kg 

Bromobenzene 

0.3 

/ig/L 

0.002 

mg/kg 

Bromochloromethane 

0.4 

/ig/L 

0.002 

mg/kg 

Bromodichloromethane 

0.8 

/ig/L 

0.004 

mg/kg 

Bromoform 

1.2 

/ig/L 

^  0.006 

mg/kg 
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TABLE  6.5  (Continued) 
PRACTICAL  QUANTITATION  LIMITS  FOR 
SOIL  AND  GROUNDWATER 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Parameter/Method 

Analyte 

Water 

Soil 

POL" 

Unit 

Volatile  Organics  (Cont) 

Bromomethane 

1.1 

H 

0.005 

mg/kg 

SW5030A/SW8260A 

Carbon  Tetrachloride 

2.1 

■1 

0.01 

mg/kg 

(W,S) 

Chlorobenzene 

0.4 

uglh 

0.002 

mg/kg 

Chloroethane 

1.0 

(igl'L 

0.005 

mg/kg 

Chloroform 

0.3 

/xg/L 

0.002 

mg/kg 

Chloromethane 

1.3 

/xg/L 

0.007 

mg/kg 

- 

Cis- 1 ,2-Dichloroethene 

1.2 

/xg/L 

0.006 

mg/kg 

CiS“l,3“Dichloropropene 

1.0 

/xg/L 

0.005 

mg/kg 

Dibromochloromethane 

0.5 

/xg/L 

0.003 

mg/kg 

Di  bromomethane 

2.4 

/xg/L 

0.01 

mg/kg 

Dichloroditluoromethane 

1.0 

/xg/L 

0.005 

mg/kg 

Ethylbenzene 

0.6 

/xg/L 

0.003 

mg/kg 

Hexachlorobutadiene 

1.1 

/xg/L 

0.005 

mg/kg 

Isopropylbenzene 

0.5 

/xg/L 

0.008 

mg/kg 

m-Xylene 

0.5 

/xg/L 

0.003 

mg/kg 

Methylene  Chloride 

0.3 

/xg/L 

0.002 

mg/kg 

n-Butylbenzene 

l.I 

/xg/L 

0.005 

mg/kg 

n-Propylbenzene 

0.4 

/xg/L 

0.002 

mg/kg 

Naphthalene 

0.4 

/xg/L 

0.002 

mg/kg 

o-Xylene 

1.1 

/xg/L 

0.005 

mg/kg 

p-lsopropyltoluene 

1.2 

/xg/L 

0.006 

mg/kg 

P“Xylene 

1.3 

/xg/L 

0.007 

mg/kg 

Sec-Butylbenzene 

1.3 

/xg/L 

0.007 

mg/kg 

Styrene 

0.4 

/xg/L 

0.002 

mg/kg 

Tricholoroethene 

1.0 

/xg/L 

0.01 

mg/kg 

Tert-Butylbenzene 

1.4 

/xg/L 

0.007 

mg/kg 

Tetrachloroethylene 

1.4 

/xg/L 

0.007 

mg/kg 

Toluene 

1.1 

/xg/L 

0.005 

mg/kg 

Trans- 1 ,2-Dichloroethene 

0.6 

/xg/L 

0.003 

mg/kg 

Trans- 1 ,3-Dichloropropene 

1.0 

/xg/L 

0.005 

mg/kg 

T  richlorofluoroniethane 

0.8 

/xg/L 

0.004 

mg/kg 
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TABLE  6.5  (Continued) 
PRACTICAL  QUANTITATION  LIMITS  FOR 
SOIL  AND  GROUNDWATER 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Parameter/Method 

Analyte 

Water 

Soil 

■gnw 

Unit 

PQL 

Unit 

Semivolatile  Organics 

1 ,2,4-Trichlorobenzene 

10.0 

B 

0.7 

mg/kg 

Base/Neutral  Extractables 

1 ,2-Dichlorobenzene 

10.0 

0.7 

mg/kg 

SW3510B/SW8270B  (W) 

1 ,3-Dichlorobenzene 

10.0 

■1 

0.7 

mg/kg 

SW3550A/SW8270B  (S) 

1 ,4-Dichlorobenzene 

10.0 

Mg/L 

0.7 

mg/kg 

2,4-Dinitrotoluene 

10.0 

ilglh 

0.7 

mg/kg 

2,6-Dinitrotoluene 

10.0 

UglL 

0.7 

mg/kg 

2-Chloronaphthalene 

10.0 

lig/L 

0.7 

mg/kg 

2-Methylnaphthalene 

10.0 

figlL 

0.7 

mg/kg 

2-Nitroaniline 

50.0 

ligih 

3.3 

mg/kg 

3-Nitroaniline 

50.0 

/ig/L 

3.3 

mg/kg 

3.3'  -Dichlorobenzidine 

20.0 

ftg/L 

1.3 

mg/kg 

4-Bromophenyl  Phenyl  Ether 

10.0 

/ig/L 

0.7 

mg/kg 

4-Chloroaniline 

20.0 

UglL 

1.3 

mg/kg 

4-Chlorophenyl  Phenyl  Ether 

10.0 

^tg/L 

0.7 

mg/kg 

4-Nitroaniline 

50.0 

Uglh 

3.3 

mg/kg 

Acenaphthylene 

10.0 

Hg/L 

0.7 

mg/kg 

Acenapthene 

10.0 

UglL 

0.7 

mg/kg 

Anthracene 

10.0 

lig/L 

0.7 

mg/kg 

Benz  (a)  Anthracene 

10.0 

UglL 

0.7 

mg/kg 

Benzo  (a)  Pyrene 

10.0 

ligih 

0.7 

mg/kg 

Benzo  (b)  Fluoranthene 

10.0 

Mg/L 

0.7 

mg/kg 

Benzo  (g,h,i)  Perylene 

10.0 

UglL 

0.7 

mg/kg 

Benzyl  Alcohol 

20.0 

HgJL 

1.3 

mg/kg 

Bis  (2-Chlorethyl)  Ether 

10.0 

ligIL 

0.7 

mg/kg 

Bis  (2-Chloroethoxy)  Methane 

10.0 

/tg/L 

0.7 

mg/kg 

Bis  (2-ChIoroisopropyl)  Ether 

10.0 

UglL 

0.7 

mg/kg 

Bis  (2-Ethylhexyl)  Phthalate 

10.0 

/tg/L 

0.7 

mg/kg 

Butyl  Benzylphthalate 

10.0 

ligIL 

0.7 

mg/kg 
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TABLE  6.5  (Continued) 
PRACTICAL  QUANTITATION  LIMITS  FOR 
SOIL  AND  GROUNDWATER 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Semivolatile  Organics 

Chrysene 

10.0 

0.7 

mg/kg 

Base/Neutral  Extractables 

Di-n-Butylphthalate 

10.0 

0.7 

mg/kg 

SW3510B/SW8270B  (W) 

Di-n-Octylphthalate 

10.0 

0.7 

mg/kg 

SW3550A/SW8270B  (S) 

Dibenz  (a,h)  Anthracene 

10.0 

Hg/L 

0.7 

mg/kg 

(Cont) 

Dibenzofuran 

10.0 

Hg/L 

0.7 

mg/kg 

Diethyl  Phthalate 

10.0 

/tg/L 

0.7 

mg/kg 

Dimethly  Phthalate 

10.0 

Hg/L 

0.7 

mg/kg 

Fluoranthene 

10.0 

Hg/L 

0.7 

mg/kg 

Fluorene 

10.0 

Ixg/L 

0.7 

mg/kg 

Hexachlorobenzene 

10.0 

Hg/L 

0.7 

mg/kg 

Hexachlorobutadiene 

10.0 

fig/L 

0.7 

mg/kg 

Hexachlorocyclopentadiene 

10.0 

Ixg/L 

0.7 

mg/kg 

Hexachloroethane 

10.0 

tig/L 

0.7 

mg/kg 

Indeno  (1,2,3-cd)  Pyrene 

10.0 

Ixg/L 

0.7 

mg/kg 

Isophorone 

10.0 

fig/L 

0.7 

mg/kg 

n-Nitrosodiphenylamine 

10.0 

fig/L 

0.7 

mg/kg 

n-Nitrosodi-n-Propylamine 

10.0 

lig/L 

0.7 

mg/kg 

Naphthalene 

10.0 

fig/L 

0.7 

mg/kg 

Nitrobenzene 

10.0 

ftg/L 

0.7 

mg/kg 

Phenanthrene 

10.0 

Hg/L 

0.7 

mg/kg 

Pyrene 

10.0 

fig/L 

0.7 

mg/kg 

Semivolatile  Organics 

2 ,4 , 5-Tr  ichlorophenol 

50.0 

B 

3.3 

mg/kg 

Acid  Extractables 

2,4, 6-Tr  ichlorophenol 

10.0 

0.3 

mg/kg 

SW3510B/SW8270B  (W) 

2,4-Dichlorophenol 

10.0 

/ig/L 

0.3 

mg/kg 

SW3550A/SW8270B  (S) 

2,4*-Dimethylphenol 

10.0 

fig/L 

0.3 

mg/kg 

2,4-Dinitrophenol 

50.0 

ligIL 

3.3 

mg/kg 

2‘Chlorophenol 

10.0 

figlL 

0.3 

mg/kg 

2-Methylphenol 

10.0 

lig/L 

0.3 

mg/kg 

2-Nitrophenol 

10.0 

/ig/L 

0.3 

mg/kg 
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TABLE  6.5  (Continued) 
PRACTICAL  QUANTITATION  LIMITS  FOR 
SOIL  AND  GROUNDWATER 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


Water 

Soil  1 

Parameter/Method 

Analyte 

Unit 

PQL 

Unit 

Semivolatile  Organics 

4 , 6-D  initro-2-Methy  Iphenol 

50.0 

B 

3.3 

mg/kg 

Acid  Extractables 

4-Chloro-3-Methylphenol 

20.0 

1.3 

mg/kg 

SW3510B/SW8270B  (W) 

4-Methylphenol 

10.0 

|ig/L 

0.3 

mg/kg 

SW3550A/SW8270B  (S) 

4-Nitrophenol 

50.0 

/ig/L 

1.6 

mg/kg 

(Cont) 

Benzoic  Acid 

50.0 

/ig/L 

1.6 

mg/kg 

Pentachlorophenol 

50.0 

^ig/L 

3.3 

mg/kg 

Phenol 

10.0 

Hg/L 

0.3 

mg/kg 

Vinyl  Chloride 

1.1 

fig/L 

0.009 

mg/kg 

Gasoline  Range  Organics 

Total  Volatile  Petroleum 

100 

lig/L 

1.0 

mg/kg 

SW8015  Modified  (W) 

Hydrocarbons 

Methane 

Methane 

2.0 

— 

NA 

SW3810  Modified 

Ethane 

4.0 

HI 

NA 

(W) 

Ethene 

2.0 

B 

NA 

Common  Anions 

Chloride 

0.2 

mg/U^ 

0.2 

mg/kg 

SW9056 

Nitrate 

0.1 

mg/L 

0.1 

mg/kg 

Nitrite 

0.4 

mg/L 

0.1 

mg/kg 

Sulfate 

0.2 

mg/L 

0.2 

mg/kg 

E310.1 

Alkalinity 

10.0 

mg/L 

NA 

NA 

E353.1 

Nitrogen,  Nitrate/Nitrite 

0.1 

mg/L 

NA 

NA 

SW9060 

Total  Organic  Carbon 

1.0 

mg/L 

10.0 

mg/kg 

SOURCE:  AFCEEQAPP,  Version  1.1,  February  1996 


PQLs  = 

practical  quantitation  limits 

''  Pg/L  = 

micrograms  per  liter. 

mg/kg  = 

milligrams  per  kilogram. 

W  = 

water. 

S  = 

soil. 

NA  = 

not  applicable. 

mg/L  = 

milligrams  per  liter. 

PQLs  are  equal  to  the  project  reporting  limits. 


022/725562/14.DOC 


6-13 


Revised  from  10/96  Revised  Draft  Version 
Resubmitted  2/97  for  Review 


6.2.1  Sampling  Locations 

A  total  of  four  sampling  locations  will  be  used  during  the  compliance  sampling  event 
at  the  HWSA  site.  One  borehole  will  be  placed  adjacent  to  both  of  the  proposed 
vertical  vent  wells,  and  one  borehole  will  be  placed  approximately  50  feet 
downgradient  of  each  vent  well.  The  exact  locations  of  the  boreholes  will  be 
determined  in  the  field  based  on  the  location  of  underground  utilities  and  other  potential 
interferences.  Two  samples  will  be  collected  from  each  borehole,  one  above  the 
groundwater  level  and  one  below,  for  a  total  of  eight  samples.  One  QA/QC  field 
replicate  also  will  be  collected  from  one  of  the  boreholes. 

6.2.2  Borehole  Installation  Procedures 

Soil  sampling  in  unconsolidated  soils  will  be  accomplished  using  a  Geoprobe 
hydraulic  sampling  rig  or  a  similar  sampling  rig.  The  Geoprobe  ,  or  similar  rig,  will 
be  used  to  advance  a  sampler  containing  a  butylene  liner  to  the  desired  sampling  depth. 
Once  the  desired  sampling  depth  is  attained,  the  end  point  of  the  sampler  will  be 
retracted  and  the  sampler  will  be  filled  with  soil.  Following  retrieval  of  the  sampler, 
the  liner  will  be  removed,  and  its  ends  capped  with  Teflon  squares  and  plastic  caps. 
All  sampling  equipment  will  be  decontaminated  prior  to  use  and  between  uses,  as 
described  in  Section  6.2.5.  If  subsurface  conditions  are  such  that  the  planned 
installation  technique  does  not  produce  acceptable  results  another  technique  deemed 
more  appropriate  to  the  type  of  soils  present  will  be  used.  Any  alternate  soil  sampling 
procedure  used  must  be  approved  by  the  field  hydrogeologist  and  will  be  appropriate 
for  the  subsurface  lithologies  present  at  the  site. 

The  field  hydrogeologist  will  be  responsible  for  observing  all  borehole  installation 
and  sampling  activities,  maintaining  a  detailed  log  of  the  target  sample  interval, 
photographing  representative  samples,  and  properly  labeling  and  storing  samples.  An 
example  of  the  proposed  geologic  boring  log  form  is  presented  in  Figure  6.1.  The 
descriptive  log  will  contain: 

•  Sample  interval  (top  and  bottom  depth); 

•  Sample  recovery; 

•  Presence  or  absence  of  contamination  (e.g.,  staining,  odor  or  elevated  headspace 
screening  readings); 

•  Soil  or  rock  description  of  the  target  sampling  interval,  including  relative  density, 
color,  major  textural  constituents,  minor  constituents,  porosity,  relative  moisture 
content,  plasticity  of  fines,  cohesiveness,  grain  size,  structure  or  stratification, 
relative  permeability,  and  any  other  significant  observations;  and 

•  The  depth  of  lithologic  contacts  and/or  significant  textural  changes,  measured  and 
recorded  to  the  nearest  0.1  foot  (1  inch)  if  present  within  the  target  interval. 
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BORING  NO.: _ 
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6.2.3  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  field  hydrogeologist.  At  a  minimum,  these  records  will 
include  the  following  information: 

•  Sample  location  (facility  name); 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 

•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

-  Sample  appearance, 

-  Sample  odor; 

•  Weather  conditions; 

•  Sampler's  Identification; 

•  Any  other  relevant  information. 

6.2.4  Management  Of  Excavated  Soils  And  Soil  Cuttings 

All  excavated  soil  will  be  stored  in  roll-off  boxes.  Material  will  be  separated  on  the 
basis  of  visual  field  screening  and  inspection,  with  material  that  appears  to  be  clean 
placed  in  one  box  and  material  that  appears  to  be  contaminated  placed  in  another. 
Material  in  the  boxes  will  be  sampled  as  they  are  filled,  with  at  least  three  samples  per 
roll-off;  one  from  the  bottom  third,  one  from  the  middle  third,  and  one  from  the  top 
third.  Additional  samples  will  be  taken  if  there  is  a  visible  change  in  the  soil  type  or 
degree  of  contamination.  Samples  from  each  roll-off  will  be  composited  for  laboratory 
analysis.  Samples  will  be  taken  following  the  procedures  outlined  below,  screened  in 
the  field  for  VOCs,  and  analyzed  in  a  laboratory  for  the  compounds  associated  with  the 
HWSA  (Table  6.1).  Samples  also  will  be  analyzed  for  characteristics  of  hazardous 
waste  (OAC  3745-51-20  through  24).  Analytical  results  will  be  used  to  determine 
appropriate  disposal  for  the  soil. 

Soil  sampling  of  excavated  soils  and  soil  cuttings  will  proceed  in  accordance  with  O 
Ohio  EPA  and  RCRA  regulations  and  the  requirements  of  the  Ohio -Department  of 
Commerce,  Division  of  State  Fire  Marshal,  Bureau  of  Underground  Storage  Tank 
Regulation  (BUSTR). 
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Each  soil  sample  will  be  collected  with  a  stainless  steel  trowel  and  evenly  divided 
between  two  clean  glass  jars.  One  jar,  intended  for  laboratory  analysis,  will  be  sealed 
with  a  Teflon®-lined  lid.  These  samples  will  be  packed  in  a  cooler  with  ice  and 
transported  to  the  laboratory  under  the  chain-of-custody  procedures  described  in 
Section  6.3. 

The  second  of  the  two  jars  will  not  be  sent  to  the  laboratory,  but  will  be  screened  in 
the  field  for  the  presence  of  organic  vapors.  This  jar  will  be  sealed  with  aluminum  foil 
and  allowed  to  equilibrate  for  at  least  five  minutes.  The  concentration  of  organic 
vapors  in  the  headspace  of  the  jar  will  then  be  tested  using  a  photoionization  detector 
(PID).  If  the  air  temperature  is  below  40°F,  these  samples  will  be  set  aside  in  a  heated 
room  and  checked  for  vapors  using  the  PID  after  they  have  wanned.  The  PID  will  be 
calibrated  daily  in  accordance  with  the  manufacturer's  instructions. 

6.2.5  Equipment  Decontamination  Procedures 

Water  to  be  used  in  equipment  cleaning  will  be  obtained  from  one  of  the  base's 
onsite  water  supplies.  Rickenbacker  ANBG  personnel  will  assist  field  personnel  in 
locating  a  suitable  source.  Water  use  approval  will  be  verified  by  contacting  the 
appropriate  facility  personnel.  Only  potable  water  will  be  used  for  decontamination.  A 
decontamination  water  blank  will  be  collected  from  the  potable  water  source.  The  field 
hydrogeologist  will  make  the  final  determination  as  to  the  suitability  of  site  water  for 
these  activities. 

Prior  to  arriving  at  the  site,  and  between  each  borehole  installation,  the  Geoprobe® 
rods,  samplers,  tools  and  other  downhole  equipment  will  be  decontaminated  using  a 
hot-water  wash.  During  borehole  installation  operations,  the  rig,  samplers,  and  any 
other  downhole  equipment  will  be  decontaminated  at  a  temporarythe  decontamination 
pad  that  is  adjacent  to  Building  560.  constructed  prior  to  soil  sampling.  Wastewater 
generated  during  equipment  decontamination  will  be  disposed  of  in  accordance 
with  applicable  regulations. 

All  sampling  tools  will  be  cleaned  with  a  clean  water/phosphate-free  detergent  mix, 
a  clean  water  rinse,  isopropyl  alcohol  rinse,  and  a  final  distilled  water  rinse.  Materials 
that  cannot  be  cleaned  to  the  satisfaction  of  the  field  scientist  will  not  be  used.  All 
decontamination  activities  will  be  conducted  in  a  manner  so  that  the  excess  water  will 
be  controlled  and  not  allowed  to  flow  into  any  open  borehole. 

Fuel,  lubricants,  and  other  similar  substances  will  be  handled  in  a  manner  consistent 
with  accepted  safety  procedures  and  standard  operating  practices.  The  Geoprobe®  Rig 
will  not  be  allowed  onsite  unless  it  is  free  from  leaks  in  all  hydraulic  and  fuel  lines,  and 
is  free  of  any  exterior  oil  and  grease. 

Surface  runoff  such  as  miscellaneous  spills  and  leaks,  precipitation,  and  spilled 
decontamination  fluids  will  not  be  allowed  to  enter  any  boring.  Berms  around  the 
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borehole  and  surficial  bentonite  packs,  as  appropriate,  will  be  used  to  prevent  cross- 
contamination. 

Water  used  to  decontaminate  sampling  equipment  will  be  stored  at  the  site  in  a  tank 
appropriate  for  this  use.  When  all  decontamination  water  has  been  collected,  or  when 
the  tank  is  full,  a  composite  sample  will  be  taken  from  the  tank  by  collecting  samples  at 
l-foot  horizontal  intervals.  The  samples  will  be  analyzed  to  determine  whether  it  can 
be  discharged  to  the  Columbus  Sewer  District  system  or  must  be  transported  off-site 
for  treatment  at  a  facility  permitted  to  treat  the  constituents  found.  The  analyses 
performed  will  be  determined  by  the  requirements  of  the  Columbus  Sewer  District  or 
the  off-site  treatment  facility  and  by  the  constituents  expected  in  the  used 
decontamination  water. 

6.2.6  Survey  Of  Borehole  Locations 

The  horizontal  location  of  the  new  boreholes  will  be  located  by  field  personnel  after 
completion  of  sampling  procedures.  Horizontal  locations  will  be  measured  relative  to 
previously  installed  groundwater  wells  that  have  established  coordinates  (i.e., 
previously  surveyed  by  a  registered  surveyor).  Horizontal  distances  will  be  recorded  to 
the  nearest  0. 1  foot  by  measuring  the  distance  from  each  borehole  to  three  established 
locations  (monitoring  wells  or  other  previously  surveyed  locations  deemed  more 
appropriate  by  field  personnel).  These  distances  will  be  used  to  locate  each  borehole 
on  any  additional  maps  generated  as  part  of  the  risk-based  investigation. 

6.2.7  Borehole  Abandonment 

Geoprobe®  sampling  operations  will  produce  boreholes  that  are  approximately  2.5 
inches  in  diameter.  These  holes  will  be  abandoned  by  filling  with  pelletized  bentonite. 
The  bentonite  will  be  hydrated  in  place  with  potable  water  at  2-foot  intervals  to  ensure 
proper  hydration  and  subsequent  sealing  of  the  borehole.  The  concrete  at  the  site  will 
be  patched  with  ready-mix  concrete  troweled  to  match  the  existing  surface  elevations. 

6.3  GROUNDWATER  SAMPLING 

The  following  sections  describe  the  scope  of  work  required  for  collecting  quarterly 
groundwater  samples  from  the  27  monitoring  wells  in  the  long  term  monitoring-well/ 
point  network  (Figure  ■  9.1)  during  closure  and  post-closure  activities.  During 
closure  activities,  quarterly  groundwater  samples  will  be  performed  at  the  19 
monitoring  wells  shown  in  relief  on  Figure  4.1.  Following  the  installation  of  8 
additional  monitoring  wells  (Section  9.4.1),  one  assessment  sampling  event  will  be 
performed  at  these  27  monitoring  wells.  Subsequent  to  closure  (i.e.,  during  post¬ 
closure  monitoring),  quarterly  sampling  will  be  performed  at  a  total  of  12 
monitoring  wells  (Figure  9.1).  All  water  samples  collected  from  groundwater 
monitoring  wells/  points  will  be  obtained  using  a  thoroughly  decontaminated  peristaltic 
pump  and  dedicated  tubing. 
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Groundwater  sampling  will  be  conducted  by  qualified  scientists  and  technicians 
trained  in  the  conduct  of  well  sampling,  records  documentation,  and  chain-of-custody 
procedures.  Detailed  groundwater  sampling  and  sample  handling  procedures  are 
presented  in  following  sections. 

Groundwater  laboratory  and  field  analytical  protocols  are  shown  in  Tables  6.1 
and  6.2,  respectively.  Requirements  for  sample  containers,  volumes,  holding 
times,  and  preservation  techniques  are  shown  in  Table  6.4  and  PQLs  for 
groundwater  analysis  are  presented  in  Table  6.5. 

6.3.1  Preparation  For  Sampling 

All  equipment  to  be  used  for  sampling  will  be  assembled  and  properly  cleaned  prior 
to  the  beginning  of  all  sampling  events.  As  required,  field  analytical  equipment  will  be 
calibrated  according  to  the  manufacturer's  specifications  prior  to  field  use.  This  applies 
to  equipment  used  for  onsite  chemical  measurements  such  as  pH,  electrical 
conductivity,  and  temperature. 

In  addition,  all  record  keeping  materials  will  be  gathered  prior  to  leaving  the  office. 
A  brief  organizational  meeting  will  be  held  to  ensure  proper  conununication  between 
project  management  staff  and  field  personnel. 

6.3.2  Equipment  Decontamination 

All  portions  of  sampling  and  test  equipment  that  will  contact  the  sample  will  be 
thoroughly  cleaned  before  each  use.  This  equipment  may  include  water-level  probe 
and  cable,  oil/water  interface  probe  and  cable,  test  equipment  for  onsite  use,  and  other 
equipment  or  portions  thereof  that  will  contact  the  samples.  Based  on  the  chemical 
constituents  present  at  the  mogas  site,  the  following  decontamination  protocol  will  be 
used: 


•  Clean  with  potable  water  and  phosphate-free  laboratory  detergent  (Liquinox®  or 
equivalent); 

•  Rinse  with  potable  water; 

•  Rinse  with  distilled  or  deionized  water; 

•  Rinse  with  reagent-grade  isopropanol; 

•  Rinse  with  distilled  or  deionized  water;  and 

•  Air  dry  the  equipment  prior  to  use. 

Water  used  to  decontaminate  sampling  equipment  will  be  stored  at  the  site  in  a  tank 
appropriate  for  this  use.  When  all  decontamination  water  has  been  collected,  or  when 
the  tank  is  full,  a  composite  sample  will  be  taken  from  the  tank  by  collecting  samples  at 
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l-foot  horizontal  intervals.  The  samples  will  be  analyzed  to  determine  whether  it  can 
be  discharged  to  the  Columbus  sewer  district  system  or  must  be  transported  off-site  for 
treatment  at  a  facility  permitted  to  treat  the  constituents  found.  The  analyses  performed 
will  be  determined  by  the  requirements  of  the  Columbus  sewer  district  or  the  off-site 
treatment  facility  and  by  the  constituents  expected  in  the  used  decontamination  water. 

Any  deviations  from  these  procedures  will  be  documented  in  the  field  scientist's 
field  notebook  and  on  the  groundwater  sampling  form.  If  pre-cleaned  dedicated 
sampling  equipment  is  used,  the  decontamination  protocol  specified  above  will  not  be 
required.  Laboratory-supplied  sample  containers  will  be  cleaned  and  sealed  by  the 
laboratory  and  therefore  will  not  need  to  be  cleaned  in  the  field.  Equipment  field 
blanks  and  equipment  rinseate  samples  will  be  collected  to  assure  that  all  containers  and 
field  equipment  are  free  of  contamination. 

6.3.3  Sampling  Procedures 

Special  care  will  be  taken  to  prevent  contamination  of  the  groundwater  and  extracted 
samples.  The  two  primary  ways  in  which  sample  contamination  can  occur  are  through 
contact  with  improperly  cleaned  equipment  and  by  cross-contamination  through 
insufficient  decontamination  of  equipment  between  wells/points.  To  prevent  such 
contamination,  the  peristaltic  pump  and  water  level  probe  and  cable  used  to  determine 
static  water  levels  and  total  well  depth  will  be  thoroughly  cleaned  before  and  after  field 
use  and  between  uses  at  different  sampling  locations  according  to  the  procedures 
presented  in  Section  6.3.2.  In  addition  to  the  use  of  properly  cleaned  equipment,  a 
clean  pair  of  new,  disposable  nitrile  gloves  will  be  worn  each  time  a  different  well  or 
station  is  sampled.  New,  clean  tubing  will  be  used  for  the  peristaltic  pump  for  each 
well  sampled.  Wells  will  be  sampled  sequentially  from  areas  suspected  to  be  least 
contaminated  to  areas  suspected  to  be  more  contaminated.  Plastic  will  be  placed 
around  each  of  the  wells  to  be  sampled  and  sampling  equipment  will  not  be  allowed  to 
come  in  contact  with  the  ground  surface  at  any  time  during  the  sampling  event. 

The  following  sections  describe  activities  that  comprise  groundwater  sample 
acquisition,  and  will  be  performed  in  the  order  as  presented  below.  Exceptions  to  this 
procedure  will  be  noted  in  the  field  scientist's  field  notebook. 

6.3.4  Preparation  Of  Location 

Prior  to  starting  the  sampling  procedure,  the  area  around  the  well  or  sampling 
location  will  be  cleared  of  foreign  materials,  such  as  brush,  rocks,  and  debris.  These 
procedures  will  prevent  sampling  equipment  from  inadvertently  contacting  debris 
around  the  monitoring  well.  New,  clean  plastic  (4  to  6  mil)  we  be  placed  around  the 
well  to  prevent  the  contamination  of  both  the  ground  surface  and  any  equipment  that 
may  come  into  contact  with  the  ground  surface.  In  addition,  the  well/point  will  be 
inspected  for  integrity,  including  the  protective  cover,  lock,  external  surface  seal,  pad, 
stick-up,  well  cap,  datum  reference,  internal  surface  seal,  and  any  dedicated 
equipment. 
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6.3.5  Water  Level/-a»4  Total  Depth  Measurements  and  Detection  of  Immiscible 
Liquids 

Prior  to  removing  any  water  from  the  well,  the  static  water  level  will  be  measured. 
Where  possible,  an  oil/water  interfaccAn  electrical  water  level  probe  will  be  used  to 
measure  the  depth  to  groundwater  below  the  datum  to  the  nearest  0.01  foot.  If  the  total 
depth  of  the  well  is  not  known  or  is  suspected  to  be  inaccurate,  total  well  depth  will  be 
measured  by  slowly  lowering  the  water  level  probe  to  the  bottom  of  the  well.  Total 
well  depth  will  be  measured  to  the  nearest  0.01  foot.  If  an  immiscible  liquid  (most 
likely  a  light  nonaqueous  phase  liquid  [LNAPL])  is  encountered  during  water  level 
measurement,  LNAPL  thickness  also  will  be  measured.  Based  on  water  level  and 
total  depth  information,  the  volume  of  water  to  be  purged  from  the  well  can  be 
calculated.-  Total  depth  will  only  be  measured  when  absolutely  necessary  to  minimize 
the  amount  of  sediment  disturbance  in  the  well.  If  LNAPL  is  present  in  site 
monitoring  wells,  total  well  depth  will  not  be  measured.  Based  on  water  level  and 
total  depth  information,  the  volume  of -water  to  be  purged  from  the  well  can  be 
calculated. 

Some  of  the  monitoring  wells/monitoring  points  located  at  the  HWSA  are  too 
narrow  for  using  the  oil/water  interface  probe  for  determining  the  presence  of 
immiscible  liquids.  For  these  wells/points,  detection  of  immiscible  liquids 
(LNAPLs)  will  be  possible  during  purging  using  a  peristaltic  pump.  Initial 
purging  at  these  wells/points  will  be  performed  at  the  air/water  interface  in  order 
to  detect  floating  immiscible  liquids. 

6.3.6  Groundwater  Monitoring  Well/  Point  Purging 

The  static  groundwater  inside  each  well  will  be  purged  using  a  peristaltic  pump.  The 
well  will  be  purged  at  a  very  low  flow  rate  [10  milliliters  per  minute  (ml/min)  to  1,000 
ml/min].  The  objective  of  micropurging  is  to  remove  a  small  volume  of  water  at  a  low 
flow  rate  from  a  discrete  portion  of  the  screened  interval  of  the  well  without  disturbing 
stagnant  water  within  the  casing.  Therefore,  the  well  purge  rate  must  never  be  greater 
than  the  recharge  rate  of  the  well.  During  purging,  the  water  level  in  the  well  will  be 
monitored  to  ensure  that  no  drawdown  in  the  well  occurs.  The  water  level  monitoring 
will  allow  the  sampling  technician  to  control  pumping  rates  to  minimize  drawdown.  As 
long  as  no  drawdown  is  observed  during  pumping,  it  may  be  assumed  that  the  low 
pumping  rate  within  the  discrete,  screened  portion  of  the  well  has  not  pulled  stagnant 
casing  water  into  the  sample. 

The  pH,  temperature,  dissolved  oxygen,  and  specific  conductivity  will  be 
continuously  monitored  during  well  purging  using  a  flow-through  cell.  The  flow¬ 
through  cell  will  be  attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump 
using  Teflon®-lined  polyethylene  tubing.  New  tubing  will  be  used  at  each  well. 
Purging  will  continue  until  the  parameters  have  stabilized  (less  than  0.2  standard  pHph 
units  or  a  10-percent  change  for  the  other  parameters  over  a  5-minute  period)  and  the 
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water  is  clear  and  free  of  fines.  Research  conducted  on  low-flow  micropurging  has 
found  that  dissolved  oxygen  and  specific  conductance  readings  are  the  most  useful  field 
indicator  parameters  for  stabilization  of  background  water  chemistry  during  purging 
(Barcelona,  et.  al.,  1994).  The  research  also  concluded  that  stabilization  of  dissolved 
oxygen  and  specific  conductance  shows  some  correlation  to  stabilization  of  VOC 
concentrations  in  "formation"  waters. 

All  purge  water  will  be  placed  in  DOT-approved  55-gallon  containers  and  stored  in 
a  secure  area  pending  proper  disposal 

6.3.7  Sample  Extraction 

A  peristaltic  pump  with  new  tubing  for  each  well  will  be  used  to  extract 
groundwater  samples  from  the  wells  at  the  HWSA.  If  depth  to  groundwater  exceeds 
approximately  21  feet  it  will  be  necessary  to  extract  a  sample  using  a  dedicated  bailer 
because  of  the  vacuum  lift  limitations  of  a  peristaltic  pump.  Both  types  of  extraction 
equipment  will  be  lowered  into  the  water  gently  to  prevent  splashing  and  extracted 
gently  to  prevent  creation  of  an  excessive  vacuum  in  the  well.  The  sample  will  be 
transferred  directly  to  the  appropriate  sample  container.  The  water  sample  will  be 
transferred  from  the  bottom  of  the  bailer  using  a  bottom  emptying  device  to  allow  a 
controlled  flow  into  the  sample  container.  Water  from  the  peristaltic  pump  can  be 
directly  discharged  into  the  sample  container.  The  water  should  be  carefully  poured 
down  the  inner  walls  of  the  sample  bottle  to  minimize  aeration  of  the  sample.  Sample 
containers  for  VOC  analysis  will  be  filled  at  approximately  200  ml/min  and  all  other 
sample  collection  rates  will  not  exceed  400  ml/min.  Volatile  samples  will  be  collected 
first,  followed  by  any  other  analytical  samples.  Samples  for  field  parameter  analysis 
will  be  collected  last. 

Unless  other  instructions  are  given  by  the  analytical  laboratory,  sample  containers 
will  be  completely  filled  so  that  no  air  space  remains  in  the  container.  Excess  water 
collected  during  sampling  will  be  placed  into  the  55-gallon  containers  used  for  well 
purge  waters  and  disposed  of  in  accordance  with  applicable  regulationsas  directed  by 
Rickenbacker  ANGB  personnel. 

6.3.8  Onsite  Chemical  Parameter  Measurement 

Because  many  chemical  parameters  of  a  groundwater  sample  can  change 
significantly  within  a  short  time  following  sample  acquisition,  these  parameters  will  be 
measured  in  the  field  using  Hach®  or  Chemetrics®  test  kits.  Table  6.24  lists  the 
fieldchemical  analytical  protocol  for  groundwater  samples.  The  following  discussion 
describes  the  field  procedures  for  obtaining  the  onsite  chemical  parameter 
measurements.  For  information  on  individual  instrument  calibration  procedures,  field 
personnel  will  maintain  a  copy  of  the  specific  calibration  procedures  on  site,  and 
these  procedures  will  be  available  for  inspectionplease  refer  to  the  manufacture 
calibration-procedure-for- the  instrument. 
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Groundwater  quality  measurements  such  as  temperature,  pHph,  specific 
conductivity,  dissolved  oxygen,  and  reduction/oxidation  (redox)  potential  will  be 
continuously  monitored  during  well  purging  using  a  flow-through  cell.  The  flow¬ 
through  cell  will  be  attached  directly  to  the  discharge  tubing  of  the  peristaltic  pump 
using  Teflon®-lined  polyethylene  tubing.  A  new  piece  of  tubing  will  be  used  for  each 
well.  All  groundwater  quality  measuring  equipment  will  be  decontaminated  following 
the  procedures  described  herein.  -The-gfoundwatef-quality-measuring-equipment  will-be 
calibrated  between  each -well-Tellewing  the  manufacturer's  recommended  calibratien 
procedures.  The  measurements  observed  immediately  before  groundwater  sampling 
begins  will  be  considered  the  final  measurements  for  the  sample,  and  will  be  recorded 
in  the  field  notebook  and  on  the  point-specific  sampling  form. 

Groundwater  quality  measurements  such  as  nitrate,  nitrite,  manganese,  ferrous  iron, 
sulfate, -sulfide,  and  alkalinity  will  be  measured  in  the  field  using  Hach®,  Chemetrics®, 
or  similar  field  analysis  methods.  Groundwater  samples  for  these  measurements  will  be 
collected  after  all  sample  containers  for  laboratory  analyses  have  been  collected.  Two 
250-ML  bottles  of  groundwater  will  be  collected  and  capped  for  field  analysis.  The 
field  analysis  of  groundwater  samples  should  begin  immediately  after  collection. 
Direct  sunlight,  contact  with  air,  and  high  temperatures  may  greatly  affect  the 
concentrations  of  the  analytes  in  question.  If  possible,  analyses  will  be  run  indoors, 
and  groundwater  samples  will  be  capped  and  stored  in  a  cooler  with  a  temperature 
maintained  at  4°C  when  not  in  use.  Duplicate  analyses  will  be  run  at  a  frequency  of 
1025  percent,  or  one  duplicate  sample  for  every  tenfeur  field  analyses  (see  Section 
6.6).  One  blank  (distilled  water)  analysis  will  be  performed  for  each  sampling  round. 

6.3.9  LNAPL  Sampling 

If  a  sufficient  thickness  of  LNAPL  is  detected  in  on-site  monitoring  wells,  a 
sample  of  LNAPL  will  be  obtained  using  either  a  peristaltic  pump  or  a  disposable 
Teflon®  bailer.  The  tubing  or  bailer  will  be  gently  lowered  into  the  well  in  an 
attempt  to  minimize  agitation.  The  sample  will  be  collected  in  a  40  milliliter  glass 
bottle  and  submitted  for  laboratory  analysis  in  accordance  with  Table  6.1.  Excess 
water  obtained  during  sample  collection  will  be  containerized,  tested,  and  disposed 
of  in  accordance  with  applicable  regulations. 

6.3.109  Sampling  Records 

In  order  to  provide  complete  documentation  of  the  sampling  event,  detailed  records 
will  be  maintained  by  the  field  scientist.  At  a  minimum,  these  records  will  include  the 
following  information: 

•  Sample  location  (facility  name); 

•  Sample  identification; 

•  Sample  location  map  or  detailed  sketch; 
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•  Date  and  time  of  sampling; 

•  Sampling  method; 

•  Field  observations  of 

-  Sample  appearance, 

-  Sample  odor; 

•  Weather  conditions; 

•  Water  level  prior  to  purging; 

•  Total  well  depth; 

•  Purge  volume; 

•  Water  level  after  purging; 

•  Well  condition; 

•  Sampler's  identification; 

•  Field  measurements  of  pH,  temperature,  and  specific  conductivity;  and 

•  Any  other  relevant  information. 

Groundwater  sampling  activities  will  be  recorded  on  a  groundwater  sampling  form  or 
in  the  field  scientist’s  field  notebook.  Figure  6.2  shows  an  example  of  the  groundwater 
sampling  record. 

6.4  SAMPLE  HANDLING 

6.4.1  Sample  Labels 

The  sample  label  will  be  firmly  attached  to  the  sample  sleeve  immediately  after 
sample  collection,  and  the  following  information  will  be  legibly  and  indelibly  written 
on  the  label: 

•  Facility  name; 

•  Sample  identification; 

•  Sample  type  (e.g.,  groundwater) 

•  Sample  depth  (soil  only); 
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GROUND  WATER  SAMPLING  RECORD  -  MONITORING  WELL _ 

REASON  FOR  SAMPLING:  [X]  Regular  Sampling;  [  ]  Special  Sampling; 

DATE  AND  TIME  OF  SAMPLING: _ ,  1996 _ a.m./p.m 

SAMPLE  COLLECTED  BY: _  of _ 

WEATHER: _ 

DATUM  FOR  WATER  DEPTH  MEASUREMENT  (Describe): _ 


MONITORING  WELL  CONDITION: 

[  ]  LOCKED:  [  ]  UNLOCKED 

WELL  NUMBER  (IS  -  IS  NOT)  APPARENT 

STEEL  CASING  CONDITION  IS: _ 

INNER  PVC  CASING  CONDITION  IS: _ 

WATER  DEPTH  MEASUREMENT  DATUM  (IS  -  IS  NOT)  APPARENT 
[  ]  DEFICIENCIES  CORRECTED  BY  SAMPLE  COLLECTOR 
[  ]  MONITORING  WELL  REQUIRED  REPAIR  (describe): _ 


Check-off 

1  [  ]  EQUIPMENT  CLEANED  BEFORE  USE  WITH. 

Items  Cleaned  (List): _ 


2  [  ]  PRODUCT  DEPTH _ 

Measured  with:. 

WATER  DEPTH _ 

Measured  with:. 

3  [  ]  WATER-CONDITION  BEFORE  WELL  EVACUATION  (Describe) 

Appearance: _ 

Odor: _ _ 

Other  Comments: _ 

4  [  ]  WELL  EVACUATION: 

Method: _ 

Volume  Removed: _ 

Observations:  Water  (slightly  -  very)  cloudy 

Water  level  (rose  -  fell  -  no  change) 

Water  odors: _ 

Other  comments: _ 


FT.  BELOW  DATUM 

.FT.  BELOW  DATUM 


(number) 
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5[  ] 


6[  ] 


Monitoring  Well  No. _ (Cont'd) 

SAMPLE  EXTRACTION  METHOD: 


[  ]  Bailer  made  of:^ 
[  ]  Pump,type:_ 

[  ]  Other,  describe:. 


Sample  obtained  is  [X]  GRAB;  [  ]  COMPOSITE  SAMPLE 


ON-SITE  MEASUREMENTS: 

Temp: _ °  Q 

pH: _ 

Conductivity: _ 

Dissolved  Oxygen: _ 

Redox  Potential: _ 

Salinity: _ 

Nitrate: _ 

Sulfate: _ 

Ferrous  Iron: _ 

Other: _ 


Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 
Measured  with: 


7  [  ]  SAMPLE  CONTAINERS  (material,  number,  size):. 


8[  ] 


ON-SITE  SAMPLE  TREATMENT: 

[  ]  Filtration:  Method. 

Method. 

Method. 

[  ]  Preservatives  added: 

Method. 

Method. 

Method. 

Method. 


Containers:. 

Containers:. 

Containers:. 


Containers:. 

Containers:. 

Containers:. 

Containers:. 


9  [  ]  CONTAINER  HANDLING: 


[  ]  Container  Sides  Labeled 

[  ]  Container  Lids  Taped 

[  ]  Containers  Placed  in  Ice  Chest 


LJ  - 

10  [  ]  OTHER  COMMENTS: 

FIGURE  6.2 

(Continued) 

GROUNDWATER 

- - - 

SAMPLING  RECORD 

HWSA 

Amended  Closure/Post-Closure  Plan 

Rickenbacker  ANGB,  Ohio 

PARSONS 

ENGINEERING  SCIENCE,  INC. 

Denver,  Colorado 
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•  Preservatives  added; 

•  Sampling  date; 

•  Sampling  time; 

•  Sample  collector's  initials;  and 

•  Requested  analyses. 

6.4.2  Sample  Preservation 

Samples  will  be  properly  prepared  for  transportation  to  the  laboratory  by  placing  the 
samples  in  an  adequately  padded  cooler  containing  ice  to  maintain  an  approximate 
shipping  temperature  of  4  degrees  centigrade  (°C).  Additional  sample  preservation 
techniques  are  presented  in  Table  6.4. 

6.4.3  Sample  Shipment 

After  the  samples  are  sealed  and  labeled,  they  will  be  packaged  for  transport  to  the 
EPA-approved  analytical  laboratory.  Samples  will  be  shipped  priority  overnight  via 
Federal  Express®.  The  following  packaging  and  labeling  procedures  will  be  followed: 

•  Package  sample  so  that  it  will  not  leak,  spill,  or  vaporize  from  its  container; 

•  Label  shipping  container  with: 

-  Sample  collector's  name,  address,  and  telephone  number; 

-  Laboratory's  name,  address,  and  telephone  number; 

-  Description  of  sample; 

-  Quantity  of  sample;  and 

-  Date  of  shipment. 

The  packaged  samples  will  be  delivered  to  the  laboratory  as  soon  as  possible  after 
sample  acquisition,  and  in  accordance  with  analytical  method-specific  holding  times. 

6.4.4  Chain-Of-Custody  Control 

After  the  samples  have  been  collected,  chain-of-custody  procedures  will  be  followed 
to  establish  a  written  record  of  sample  handling  and  movement  between  the  sampling 
site  and  the  laboratory.  Each  shipping  container  will  have  a  chain-of-custody  form 
completed  in  triplicate  by  the  sampling  personnel.  One  copy  of  this  form  will  be  kept 
by  the  sampling  team  and  the  other  two  copies  will  be  sent  to  the  laboratory.  One  of 
the  laboratory  copies  will  become  a  part  of  the  permanent  record  for  the  sample  and 
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will  be  returned  with  the  sample  analytical  results.  The  chain-of-custody  will  contain 
the  following  information; 

•  Sample  identification  number; 

•  Sample  collector's  printed  name  and  signature; 

•  Date  and  time  of  collection; 

•  Place  and  address  of  collection; 

•  Sample  matrix; 

•  Analyses  requested; 

•  Signatures  of  individuals  involved  in  the  chain  of  possession;  and 

•  Inclusive  dates  of  possession. 

The  chain-of-custody  documentation  will  be  placed  inside  the  shipping  container  so 
that  it  will  be  immediately  apparent  to  the  laboratory  personnel  receiving  the  container, 
but  will  not  be  damaged  or  lost  during  transport.  The  shipping  container  will  be  sealed 
so  that  it  will  be  obvious  if  the  seal  has  been  tampered  with  or  broken. 

6.5  QUALITY  ASSURANCE/QUALITY  CONTROL  PROCEDURES  AND 
SAMPLING  AND  POTENTIAL  INTERFERENCES 

Field  QA/QC  procedures  will  include  collection  of  field  duplicates  and  rinseate, 
field  and  trip  blanks;  decontamination  of  all  equipment  that  contacts  the  sample 
medium  before  and  after  each  use;  use  of  analyte-appropriate  containers;  and  chain-of- 
custody  procedures  for  sample  handling  and  tracking.  All  samples  to  be  transferred  to 
an  onsite  or  offsite  analytical  laboratory  for  analysis  will  be  clearly  labeled  to  indicate 
sample  number,  location,  matrix  (e.g.,  groundwater),  and  analyses  requested.  Samples 
will  be  preserved  in  accordance  with  the  analytical  methods  to  be  used  and  packaged  in 
coolers  with  ice  to  maintain  a  temperature  of  approximately  4  ^C. 

All  field  sampling  activities  will  be  recorded  in  a  bound,  sequentially  paginated  field 
notebook  in  permanent  ink.  All  sample  collection  entries  will  include  the  date,  time, 
sample  locations  and  numbers,  notations  of  field  observations,  and  the  sampler's  name 
and  signature.  Field  QC  samples  will  be  collected  in  accordance  with  the  program 
described  below,  and  as  summarized  in  Table  6.62. 

QA/QC  sampling  will  include  collection  and  analysis  of  duplicate  samples,  rinseate 
blanks,  field/trip  blanks,  and  matrix  spike  samples.  Internal  laboratory  QC  analyses 
will  involve  the  analysis  of  laboratory  control  samples  (LCSS)  and  laboratory  method 
blanks  (LMBS).  QA/QC  objectives  for  each  of  these  samples,  blanks,  and  spikes  are 
described  below. 
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TABLE  6.6 

QA/QC  SAMPLING  PROGRAM 
HAZARDOUS  WASTE  STORAGE  AREA 
AMMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,  OHIO 


QA/QC  Sample  Types 

Frequency  to  be  Collected  and/or  Analyzed 

Analytes  or  Analytical 

Methods 

Duplicates/Replicates 

10%  of  Samples  per  Matrix 

VOCs,  TPH 

VOCs 

Rinseate  Blanks 

10%  of  Groundwater  Samples 

VOCs 

Field  Blanks 

5  %  of  Groundwater  Samples 

VOCs 

Trip  Blanks 

One  per  shipping  cooler  containing  VOC  samples 

VOCs 

Matrix  Spike  Samples 

Once  per  sampling  event 

VOCs 

Laboratory  Control  Sample 

Once  per  method  per  medium 

Laboratory  Control  Charts 

Laboratory  Method  Blank 

Once  per  method  per  medium 

(Method  Specific) 

Laboratory  Control  Charts 

(Method  Specific) 

a/  Rounded  to  the  next  highest  whole  number. 
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One  duplicate  sample  will  be  collected  for  every  10  or  fewer  samples  collected,  both 
for  groundwater  and  soils.  Volume  permitting,  duplicate  samples  will  be  collected  at 
locations  where  low  to  moderate  levels  of  contamination  are  believed  to  be  present. 

One  rinseate  sample  will  be  collected  for  every  10  or  fewer  groundwater  samples 
collected  from  existing  wells.  Improperly  decontaminated  sampling  equipment 
represents  the  primary  field  sampling  inaccuracy  resulting  in  a  potential  analytical 
interference.  Equipment  rinseate  blanks  are  used  to  measure  contamination 
introduced  to  a  sample  set  as  a  result  of  improperly  decontaminated  equipment. 
Equipment  rinseate  blanks  consist  of  distilled  water  (or  equivalent)  poured  or 
pumped  through  the  sampling  device  following  decontamination.lf -disposable 
bailers  are  used  for  this  sampling  event,  the  rinseate  sample  will  consist  of  a  sample  of 
distilled-water  poured  into  a  new  disposable-baileF-and-subsequently-transferred  into  a 
sample  container  provided  by  the  laboratory. 

A  field  blank  will  be  collected  for  every  20  or  fewer  groundwater  samples  (both 
from  groundwater  monitoring  point  and  existing  groundwater  monitoring  well  sampling 
events)  to  assess  the  effects  of  ambient  conditions  in  the  field.  The  field  blank  will 
consist  of  a  sample  of  distilled  water  poured  into  a  laboratory-supplied  sample 
container  while  sampling  activities  are  underway.  The  field  blank  will  be  analyzed  for 
VOCS. 

A  trip  blank  will  be  analyzed  to  assess  the  effects  of  ambient  conditions  on  sampling 
results  during  the  storage  and  transportation  of  samples.  The  trip  blank  which  will  be 
prepared  by  the  laboratory  will  be  used  to  verify  potential  interferences  resulting 
from  ambient  conditions  or  improper  storage  and  handling.  A  trip  blank  will  be 
transported  inside  each  cooler  which  contains  samples  for  VOC  analysis.  Trip  blanks 
will  be  analyzed  for  VOCS. 

Matrix  spikes-will-be-prepared  in  the  laboratory- and-used-to- establish  matrix  effects 
for  samples  analyzed  for  VOCS. 

Less  and  LMBS-will-be -prepared  internally . by-the . laboratory  and  will  be  analyzed 

each  day  samples  from -  the- site  are  analyzed. —  Samples-will  be  reanalyzed in  eases 

where  the  LCS  or  LMB  are  out  of-the  control  limits. — Control  charts  for  LCSS  and 
LMBS  will- be -developed  by  the  laboratory  and  moni  tored- for -the  analytical- methods 
usedr 

Potential  interferences  resulting  from  laboratory  analysis  will  be  determined  by 
laboratory  confirmation  of  matrix  effects  and  analysis  of  laboratory  method 
blanks. 

Method  required  quality  control  samples  such  as  matrix  spikes  (MS)  and 
surrogate  spikes  are  used  to  indicated  the  accuracy  of  the  analytical  protocol  in 
relation  to  the  sample  matrix.  When  the  accuracy  for  MSs  and  surrogate  spikes 
meets  the  method  specified  requirements,  the  quality  control  spikes  fail  specified 


022/722450/RICK/6.DOC 


6-30 


Revised  from  10/96  Revised  Draft  Version 
Resubmitted  2/97  for  Review 


requirements,  a  matrix  effect  must  be  confirmed.  Conflmiation  is  done  by 
evaluating  quality  control  samples  designed  to  show  only  instrument  control, 
unrelated  to  matrix.  This  quality  control  sample  is  a  laboratory  control  sample 
(LCS).  When  the  LCS  has  met  it’s  quality  control  requirements,  and  the  MS  and 
or  the  surrogate  spike  fails,  a  matrix  affect  is  assumed. 

Laboratory  method  blanks  are  designed  to  detect  contamination  of  the  field 
samples  in  the  laboratory  environment.  Method  blanks  verify  that  interferences 
caused  by  contaminants  in  solvents,  reagents,  glassware,  or  in  other  sample 
processing  hardware  are  known  and  minimized.  The  laboratory  method  blank 
will  be  American  Society  for  Testing  and  Materials  Type  II  water  (or  equivalent) 
for  water  samples,  and  a  purified  solid  matrix  (Ottawa  sand  or  equivalent)  for  soil 
samples.  The  concentration  of  target  compounds  in  the  blanks  must  be  less  than 
the  PQL.  Exceptions  are  not  made  for  common  laboratory  contaminants.  If  the 
blank  contaminant  concentration  is  not  less  than  the  specified  limit,  then  the 
source  of  contamination  will  be  identified,  and  corrective  action  will  be  taken. 

6.6  CALIBRATION  PROCEDURES  AND  FREQUENCY  FOR  FIELD  TEST 
EQUIPMENT 

Instruments  and  equipment  used  to  gather,  generate,  or  measure  environmental 
data  in  the  field  will  be  calibrated  with  sufficient  frequency  and  in  such  a  manner 
that  accuracy  and  reproducibility  of  results  are  consistent  with  the  manufacturer's 
specifications.  Field  instruments  may  include  a  pH  meter,  digital  thermometer, 
O2/CO2  meter,  TVH  meter,  photoionization  detector,  specific  conductivity  meter, 
dissolved  oxygen  meter,  oxidation  reduction  potential  meter,  and  Hach*® 
spectrophotometer.  A  summary  of  calibration  frequency  and  acceptance  criteria 
is  presented  in  Table  6.7. 

6.7  DETERMINING  CONTAMINANT  MIGRATION  RATES 

Biodegradation  rate  constants  are  necessary  to  accurately  estimate  contaminant 
migration  rates  at  the  HWSA.  Biodegradation  of  both  fuel  hydrocarbons  and 
CAHs  can  generally  be  approximated  using  first-order  kinetics.  In  order  to 
calculate  first-order  biodegradation  rate  constants,  the  apparent  degradation  rate 
must  be  normalized  for  the  effects  of  dilution  and  volatilization.  Two  methods  can 
be  employed  for  determining  first-order  rAte  constants.  One  method  involves 
using  either  biologically  recalcitrant  compounds  normally  found  in  BTEX  plumes 
(i.e.,  the  trimethyl  and  tetramethyl  benzene  isomers)  or  the  carbon  core  of  the 
CAH  compounds  as  a  conservative  tracer.  In  these  types  of  methods,  the 
measured  tracer  and  contaminant  concentrations  are  taken  from  a  minimum  of 
two  points  along  a  flow  path.  A  simple  proportional  equation  is  used  to  estimate 
the  theoretical  concentration  resulting  from  biodegradation  alone  for  every  point 
along  a  flow  path  on  the  basis  of  the  measured  contaminant  concentration  and  the 
contaminant/tracer  ratios  between  consecutive  points  along  the  flow  path.  The 
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TABLE  6.7 

CALIBRATION  OF  EQUIPMENT  FOR  FIELD  SCREENING 

HAZARDOUS  WASTE  STORAGE  AREA 
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TABLE  6.7  (Continued) 

CALIBRATION  OF  EQUIPMENT  FOR  FIELD  SCREENING 

HAZARDOUS  WASTE  STORAGE  AREA 
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TABLE  6.7  (Continued) 

CALIBRATION  OF  EQUIPMENT  FOR  FIELD  SCREENING 
HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  ANGB,  OHIO 
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other  method,  proposed  by  Busckeck  and  Alcantar  (1995)  involves  interpretation 
of  a  steady-state  contaminant  plume  and  is  based  on  the  one-dimensional  steady- 
state  analytical  solution  to  the  advection-dispersion  equation  presented  by  Bear 
(1979).  In  summary,  this  method  involves  coupling  the  regression  of  contaminant 
concentration  (plotted  on  a  logarithmic  scale)  versus  distance  downgradient 
(plotted  on  a  linear  scale)  to  an  analytical  solution  for  one-dimensional,  steady- 
state,  contaminant  transport  that  includes  advection,  dispersion,  sorption,  and 
biodegradation.  All  of  these  methods  are  fully  described  in  two  AFCEE  technical 
protocols  (Wiedemeier  et  al.,  1995;  Wiedemeier  et  al.,  in  progress).  Once  the 
biodegradation  rate  constants  are  defined  for  the  site  from  each  assessment 
sampling  event,  these  data  can  be  coupled  to  estimates  of  contaminant  retardation 
and  groundwater  flow  velocity  to  yield  site-specific  contaminant  migration  rates. 
Subsequent  groundwater  assessment  reports  submitted  for  the  HWSA  will  use 
these  types  of  quantitative  techniques  to  evaluate  contaminant  migration  rates  and 
assess  the  effectiveness  of  natural  attenuation  processes  at  complementing 
engineered  remedial  techniques. 
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SECTION  7 

HEALTH  AND  SAFETY  PLAN 


The  purpose  of  this  plan  is  to  outline  the  protection  standards  and  mandatory  safety 
practices  for  all  personnel  involved  in  closure  activities  for  the  HWSA  at  Rickenbacker 
ANGB.  The  provisions  of  this  plan  are  mandatory  for  all  onsite  investigations  related 
to  this  closure  plan.  Any  supplemental  plans  used  by  subcontractors  will  conform  to 
this  plan  as  a  minimum.  This  plan  provides  general  health  and  safety  guidance  for  site 
'Operations.  Specific  health  and  safety  guidance  is  deferred  to  individual  task  program 
managers  and  health  and  safety  officers. 

7.1  PROGRAM  HEALTH  AND  SAFETY  OFFICER 

The  task  health  and  safety  officer  will  be  responsible  for  developing  a  site  specific 
training  program  to  be  presented  to  all  personnel  working  at  the  site.  The  training  will 
be  conducted  before  work  commences,  and  will  include  the  following  topics: 

•  Names  of  personnel  responsible  for  site  health  and  safety; 

•  Acute  effects  of  compounds  at  the  site; 

•  OSH  A  regulations; 

•  Safety,  health  and  other  hazards  at  the  site; 

•  Work  practices  by  which  employees  can  minimize  risk  from  hazards; 

•  Decontamination  procedures;  and 

•  Proper  use  of  personnel  protection  equipment. 

The  task  health  and  safety  officer  will  also  conduct  daily  briefings  to  discuss  specific 
procedures  and  hazards  which  will  be  encountered  that  day  and  will  ensure  that  field 
practices  are  consistent  with  the  guidelines  provided  in  OSHA's  29  CFR  1910.120, 
1910.132,  1910.1200,  and  1926,  USEPA's  Occupational  Health  and  Safety  Manual, 
and  Chapter  9  of  the  USEPA's  Standard  Operating  Safety  Guidelines.  The  task  health 
and  safety  officer  is  also  responsible  for  maintaining  all  employee  training  and  medical 
monitoring  documentation. 

7.2  SITE-SPECIFIC  EMPLOYEE  TRAINING  AND  MEDICAL  MONITORING 

All  field  team  members  will  have  received  the  40-hour  Occupational  Safety  and 
Health  Administration  (OSHA)  training  as  specified  in  Title  29  Code  of  Federal 
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Regulations  1910.120,  a  current  8-hour  annual  refresher  course  and  site-specific 
training.  All  field  team  members  will  be  on  appropriate  and  current  medical 
monitoring  programs.  All  personnel  engaged  in  site  supervisory  positions  will  have 
completed  the  8-hour  OSHA  supervisory  training  as  specified  in  29  CFR  1910.120(E). 
Additional  training  may  be  required  for  personnel  involved  in  Level  B  (supplied  air) 
respiratory  protection,  should  that  level  of  protection  be  necessary.  Weeldy  safety 
briefings  will  be  conducted  if  necessary. 

7.3  SITE  HAZARDS 

7.3.1  Chemical  Hazards 

A  number  of  products  containing  hazardous  chemicals  may  be  encountered  during 
the  implementation  of  this  closure  plan.  Hazardous  chemicals  suspected  to  be  present 
at  the  HWSA  include  fuel  hydrocarbons  and  chlorinated  solvents  in  soils  and 
groundwater.  If  other  compounds  are  discovered,  the  health  and  safety  plan  will  be 
amended.  The  health  hazard  qualities  of  chemicals  that  may  be  encountered  must  be 
communicated  to  onsite  employees. 

7.3.2  Physical  Hazards 

In  addition  to  the  potential  exposure  to  hazardous  substances  during  the 
implementation  of  the  closure  plan,  other  physical  hazards  or  hazardous  conditions  may 
be  expected  at  the  site  due  to  the  use  of  heavy  equipment  during  soil  gas  surveys, 
monitoring  well  installation,  installation  and  testing  of  both  the  soil  and  groundwater 
remedial  systems,  and  groundwater  and  soils  investigation.  These  include  possible 
risks  of  injury  while  working  with  electrical  equipment,  in  or  around  abandoned  or 
moving  equipment,  and/  or  heat  stress  and  cold-related  exposures.  Work  areas  should 
therefore  be  cordoned  off  to  protect  both  public  and  operational  personnel.  Additional 
information  concerning  task  specific  physical  hazards  are  deferred  to  the  task  health  and 
safety  plans. 

7.3.2.1  Electrical  Safety 

Some  of  the  equipment  used  during  implementation  is  operated  by  electricity. 
Maintenance  and  day-to-day  activities  require  personnel  to  handle  and  control  this 
equipment.  Unless  safe  work  practices  are  strictly  observed,  serious  injury  or  death 
can  result. 

Ordinary  120  volt  (v)  electricity  may  be  fatal.  Extensive  studies  have  shown  that 
currents  as  low  as  10  to  15  milliamps  (MA)  can  cause  loss  of  muscle  control  and  that 
12  V  may,  on  good  contact,  cause  injury.  Therefore,  all  voltages  should  be  considered 
dangerous.  All  electricity  should  be  treated  cautiously  by  trained  personnel. 

Electricity  kills  by  paralyzing  the  nervous  system  and  stopping  muscular  action. 
Frequently,  electricity  may  hit  the  breathing  center  at  the  base  of  the  brain  and  interrupt 
the  transmission  of  the  nervous  impulses  to  the  muscles  responsible  for  breathing.  In 
other  cases,  the  electrical  current  directly  affects  the  heart,  causing  it  to  cease  pumping 
blood.  Death  follows  from  lack  of  oxygen  in  the  body.  It  cannot  be  determined  which 
action  has  taken  place,  therefore,  a  victim  must  be  freed  from  the  live  conductor 
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promptly  by  use  of  a  dry  stick  or  other  nonconductor  or  by  turning  off  the  electricity  to 
at  least  this  point  of  contact.  Never  use  bare  hands  to  remove  a  live  wire  from  a  victim 
or  a  victim  from  an  electrical  source.  Artificial  respiration  or  CPR  should  be  applied 
immediately  and  continuously  until  breathing  is  restored,  or  until  a  doctor  or 
emergency  medical  technician  arrives. 

7.3.2.1.1  General  Electrical  Safety  Rules 

•  As  long  as  you  are  not  grounded,  (i.e. ,  as  long  as  current  cannot  pass  through 
your  body  to  the  ground)  you  are  safe.  While  working  on  electrical  circuits,  do 
not  touch  the  switch  box  cabinet  or  any  other  object,  such  as  a  pipe,  that  will  give 
electric  current  a  path  through  your  body.  Do  not  stand  in  water  and,  if  possible, 
place  a  rubber  mat  under  your  feet. 

•  Allow  only  authorized  people  to  work  on  electrical  panels. 

•  Keep  rubber  mats  in  front  of  electrical  panels. 

•  Treat  all  electrical  wires  and  circuits  as  "live,"  unless  certain  they  are  not. 

•  Use  approved  rubber  gloves. 

•  Electrical  control  panels  should  never  be  opened  unless  the  job  requires  it. 

•  No  part  of  the  body  should  be  used  to  test  a  circuit. 

•  Always  work  from  a  firm  base  as  loss  of  balance  may  cause  a  fall  onto  energized 
busses  or  parts,  which  should  be  covered  with  a  good  electrical  insulator  such  as 
a  rubber  blanket. 

•  No  safety  device  should  be  made  inoperative  by  removing  guards,  using 
oversized  fuses,  or  blocking  or  bypassing  protective  devices,  unless  it  is 
absolutely  essential  to  the  repair  or  maintenance  activity,  and  then  only  after 
alerting  operating  personnel  and  the  maintenance  supervisor. 

•  All  tools  should  have  insulated  handles,  be  electrically  grounded,  or  be  double 
insulated. 

•  Jewelry  should  never  be  worn  when  working  on  electric  circuits. 

•  Use  fuse  pullers  to  change  fuses. 

•  Never  use  metal  ladders,  metal  tape  measures,  or  other  metal  tools  around 
electrical  equipment. 

•  Keep  wires  from  becoming  a  tripping  hazard. 

•  When  performing  electrical  work,  even  simply  energizing  a  piece  of  equipment, 
observe  "no  smoking"  signs. 
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•  When  working  around  electrical  equipment,  keep  your  mind  on  the  potential 
hazards  at  all  times. 

7.3.2.1.2  Holding  and  Locking  Out  Electrical  Circuits 

The  most  important  safety  requirement  in  electrical  maintenance  is  to  have  and 
adhere  to  a  good  system  for  holding  and  locking  out  electrical  circuits  when  equipment 
is  being  repaired.  Unexpected  operation  of  electrical  equipment  that  can  be  started  by 
automatic  or  manual  remote  control  may  cause  injuries  to  persons  who  happen  to  be 
close  enough  to  be  struck. 

When  motors  or  electrical  equipment  require  repair,  the  circuit  should  be  opened  at 
the  switch  box,  and  the  switch  should  be  padlocked  in  the  "off"  position. 

All  personnel  involved  in  maintenance  work  should  be  instructed  in  the  following 
lockout  procedure: 

•  Alert  the  affected  personnel. 

•  Before  starting  work  on  an  engine,  motor  line  shaft,  or  other  power  transmission 
equipment,  or  power  driven  machine,  make  sure  it  cannot  be  set  in  motion 
without  your  permission. 

•  Place  your  own  padlock  on  the  control  switch,  lever,  or  valve,  even  though 
someone  may  have  already  locked  the  control.  You  will  not  be  protected  unless 
you  put  your  own  padlock  on  it. 

•  When  through  working  at  the  end  of  your  shift,  remove  your  padlock;  never 
permit  someone  else  to  remove  it  for  you;  and  be  sure  you  are  not  exposing 
another  person  to  danger  by  removing  your  padlock. 

•  After  repair,  clear  personnel  from  area  before  closing  the  breaker. 

Further  information  concerning  lockout/tag  out  procedures  can  be  found  in  29  CFR 
Part  169. 

7.3.2.2  FERE  SAFETY 

Fuel  and  solvents  have  been  released  into  the  soils  at  the  HWSA  and  vapors 
escaping  from  the  soils  may  be  flammable  or  explosive  (if  in  a  confined  space). 
Therefore,  precautions  should  be  taken  when  performing  field  work  (drilling  or  well 
construction/installation)  to  ensure  that  combustible  or  explosive  vapors  have  not 
accumulated,  or  that  an  ignition  source  is  not  introduced  into  a  flammable  atmosphere. 
An  explosivity  meter  will  be  used  during  construction  to  monitor  work  in  areas  where  a 
potentially  explosive  atmosphere  exists.  Tools  used  in  areas  with  potentially  explosive 
atmospheres  will  be  of  nonsparking  design  and  materials. 

OSHA  standards  for  fire  protection  and  prevention  are  contained  in  29  CFR  Subpart 
F,  1926.150  through  1926.154.  Of  particular  concern  are: 

•  Proper  storage  of  flammables; 
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•  Adequate  numbers  and  types  of  fire  extinguishers; 

•  Use  of  intrinsically  safe  or  explosion  proof  equipment  where  appropriate; 

•  Monitoring  for  development  of  an  explosive  atmosphere;  and 

•  Prevention  of  explosive  atmospheres  by  placing  flammable  equipment  in  well- 
ventilated  enclosures. 

7.3.2.3  Motor  Vehicles  and  Heavy  Equipment 

Working  with  large  motor  vehicles  and  heavy  equipment  could  be  a  major  hazard  at 
the  HWSA.  Injuries  can  result  from  equipment  dislodging  and  striking  unsuspecting 
personnel,  and  impacts  from  flying  objects  or  overturning  of  vehicles.  Vehicles  and 
heavy  equipment  design  and  operation  will  be  in  accordance  with  29  CFR,  Subpart  0, 
1926.600  through  1926.602.  In  particular,  the  following  precautions  will  be  used  to 
help  prevent  injuries  and  accidents: 

•  Drill  rig  brakes,  hydraulic  lines,  light  signals,  fire  extinguishers,  fluid  levels, 
steering,  tires,  horn,  and  other  safety  devices  will  be  checked  and  recorded 
routinely  throughout  the  project. 

•  Do  not  back  up  large  construction  motor  vehicles  unless  the  vehicle  has  a  reverse 
signal  alarm  (audible  above  the  surrounding  noise  level)  and  backup  warning 
lights,  or  when  an  observer  signals  it  is  safe  to  do  so. 

•  Heavy  equipment  or  motor  vehicle  cabs  will  be  kept  free  of  all  nonessential  items 
and  all  loose  items  will  be  secured. 

•  Construction  and  heavy  equipment  will  be  provided  with  necessary  safety 
equipment  including  seat  belts,  rollover  protection,  emergency  shutoff  during 
rollover,  backup  warning  lights,  and  audible  alarms. 

•  Blades  and  buckets  will  be  lowered  to  the  ground  and  parking  brakes  will  be  set 
before  shutting  off  any  heavy  equipment  or  vehicle. 

Typical  hazards  associated  with  drilling  activities  include  suspended  loads  dropping 
on  employees,  being  caught  between  a  load  and  a  stationary  object,  or  being  struck  by 
coumerweights.  They  can  be  prevented  or  their  impact  minimized  by  the  safe 
operation  of  drilling  equipment,  wearing  protective  equipment  including  a  hard  hat  and 
safety  boots,  and  routinely  inspecting  drilling/cone  penetrometer  equipment  to  identify 
unsafe  conditions  (e.g.,  frayed  ropes). 

7.3.2.4  Electrical  Line  Clearance  and  Thunderstorms 

Extra  precautions  will  be  exercised  when  drilling  near  overhead  electrical  lines.  The 
minimum  clearance  between  overhead  electrical  lines  of  50  kilovolts  (Kv)  or  less  and 
the  drill  rig  is  10  feet.  For  lines  rated  over  50  Kv,  the  minimum  clearance  between  the 
lines  and  any  part  of  the  rig  is  10  feet  plus  0.4  inches  for  each  Kv  over  50  Kv. 
Because  the  power  rating  of  overhead  lines  is  not  typically  known,  a  20-foot  | 
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minimum  distance  will  be  maintained  between  the  drill  rig  and  overhead  power 
lines.  Drilling  operations  must  cease  during  thunderstorms. 

Onsite  surveillance  of  the  drilling  subcontractor  should  be  provided  to  ensure  that 
personnel  meet  these  requirements.  If  deficiencies  are  noted,  work  will  be  stopped  and 
corrective  actions  implemented.  Reports  of  health  and  safety  deficiencies  and  the 
corrective  actions  taken  will  be  forwarded  to  the  installation  manager. 

7.3.2.5  Slip,  Trip  and  Fall  Hazards 

The  HWSA  site  could  contain  a  number  of  slip,  trip  and  fall  hazards  for  site 
workers,  such  as: 

•  Holes,  pits,  or  ditches; 

•  Slippery  surfaces; 

•  Steep  grades; 

•  Uneven  grades;  and 

•  Sharp  objects. 

Site  personnel  will  be  instructed  to  look  for  potential  safety  hazards  and  immediately 
inform  the  site  health  and  safety  officer  (SHSO)  or  the  site  manager  about  any  new 
hazards.  If  the  hazard  cannot  be  immediately  removed,  actions  must  be  taken  to  warn 
site  workers  about  the  hazard. 

7.3.2.6  Excavation  Activities 

Prior  to  initiation  of  any  excavation  activities  the  location,  if  any,  of  underground 
installations  such  as  sewers,  telephone,  water,  fuel,  and  electric  lines  must  be 
determined.  The  walls  and  faces  of  all  excavations  in  which  personnel  are  exposed  to 
danger  from  moving  ground  must  be  guarded  by  a  shoring  system,  sloping  of  the 
ground,  or  by  some  other  equivalent  means. 

Excavations  (greater  than  4  feet  deep)  must  be  inspected  by  a  competent  person,  as 
defined  in  OSHA,  after  every  rainstorm  or  other  hazard  increasing  occurrence,  and  the 
protection  against  slides  and  cave-ins  will  be  increased  if  necessary.  All  OSHA 
requirements  concerning  excavation  activities,  contained  in  29  CFR  1926.651,  must  be 
followed. 

7.3.2. 7  Subsurface  Hazards 

Before  ground  penetration  activities  are  initiated,  efforts  must  be  made  to  determine 
whether  underground  installations,  (e.g.,  sewers,  telephone,  water,  fuel,  and  electric 
lines)  will  be  encountered  and,  if  so,  where  such  underground  installations  are  located. 
Utility  companies  or  the  base  engineer  will  be  contacted  by  the  field  team  leader  prior 
to  commencing  intrusive  operations  and  the  necessary  clearances  obtained. 
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7.3.2.8  Noise-Induced  Hearing  Loss 

Work  onsite  will  involve  the  use  of  heavy  equipment  such  as  a  drill  rig,  compressor, 
generator,  and  excavation  equipment.  The  unprotected  exposure  of  site  workers  to  this 
noise  or  to  aircraft  noise  during  activities  near  runways  or  aircraft  can  result  in  noise 
induced  hearing  loss.  The  SHSO  will  ensure  that  either  ear  muffs  or  disposable  foam 
earplugs  are  made  available  to,  and  used  by,  all  personnel  in  the  vicinity  of  the 
operation  of  heavy  equipment,  aircraft  noise,  or  other  sources  of  high  intensity  noise. 

7.3.2.9  Heat  Stress  and  Cold-Related  Illness 

Adverse  weather  conditions  are  important  considerations  in  planning  and  conducting 
site  operations.  Hot  or  cold  weather  can  cause  physical  discomfort,  loss  of  efficiency, 
and  personal  injury.  Of  particular  importance  is  heat  stress  resulting  when 
temperatures  are  moderate  or  when  employees  are  wearing  impermeable  clothing. 

Heat  stress:  Heat  stress  can  result  when  protective  clothing  decreases  natural  body 
ventilation.  Heat  stress  can  occur  even  when  temperatures  are  moderate  if  employees 
are  wearing  impermeable  protective  clothing. 

Cold-related  illness:  If  work  on  this  project  is  conducted  in  the  winter  months, 
thermal  injury  due  to  cold  exposure  can  become  a  problem  for  field  personnel.  Cold 
exposure  symptoms,  including  hypothermia  and  frostbite,  should  be  monitored  when 
workers  are  exposed  to  low  temperatures  for  extended  periods  of  time. 

7.4  PERSONNEL  ROLES,  LINES  OF  AUTHORITY,  AND  COMMUNICATION 
PROCEDURES  DURING  AN  EMERGENCY 

When  an  emergency  occurs,  decisive  action  is  required.  Rapidly  made  choices  may 
have  far  reaching,  long-term  consequences.  Delays  of  minutes  can  create  life 
threatening  situations.  Personnel  must  be  ready  to  respond  to  emergency  situations 
immediately.  All  personnel  should  know  their  own  responsibilities  during  an 
emergency,  know  who  is  in  charge  during  an  emergency,  and  know  the  extent  of  that 
person's  authority.  This  section  outlines  personnel  roles,  lines  of  authority,  and 
communication  procedures  during  emergencies. 

In  the  event  of  an  emergency  situation  at  a  site,  the  site  manager  and  the  SHSO  will 
assume  total  control  and  will  be  responsible  for  onsite  decision  making.  These 
individuals  have  the  authority  to  resolve  all  disputes  about  health  and  safety 
requirements  and  precautions.  They  will  also  be  responsible  for  coordinating  all 
activities  until  emergency  response  teams  (ambulance,  fire  department,  etc.)  arrive 
onsite. 

The  site  manager  will  ensure  that  the  necessary  air  force  personnel,  field  personnel, 
and  agencies  are  contacted  as  soon  as  possible  after  the  emergency  occurs.  All  onsite 
personnel  must  know  the  location  of  the  nearest  telephone  and  the  location  of  the 
emergency  telephone  number. 
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7.4.1  Evacuation  Routes  and  Procedures,  Safe  Distances,  and  Places  of  Refuge 

In  the  event  of  emergency  conditions,  employees  will  evacuate  the  area  as 
instructed,  transport  injured  personnel,  or  take  other  measures  to  mitigate  the  situation. 
Evacuation  routes  and  safe  distances  will  be  decided  upon  and  posted  prior  to  initiating 
work. 

7.4.2  Decontamination  of  Personnel  During  an  Emergency 

Procedures  for  leaving  a  contaminated  area  must  be  planned  and  implemented  prior 
to  going  onsite.  Work  areas  and  decontamination  procedures  must  be  established  based 
on  expected  site  conditions.  If  a  member  of  the  field  crew  is  exposed  to  chemicals,  the 
emergency  procedures  outlined  below  should  be  followed: 

•  Another  team  member  (buddy)  should  assist  or  remove  the  individual  from  the 
immediate  area  of  contamination  to  an  upwind  location  if  it  is  safe  to  do  so. 

•  Precautions  should  be  taken  to  avoid  exposure  of  other  individuals  to  the 
chemical. 

•  If  the  chemical  is  on  the  individual's  clothing,  the  clothing  should  be  removed  if 
it  is  safe  to  do  so. 

•  Administer  first  aid  and  transport  the  victim  to  the  nearest  medical  facility,  if 
necessary. 

If  uninjured  employees  are  required  to  evacuate  a  contaminated  area  in  an 
emergency  situation,  emergency  decontamination  procedures  should  be  followed.  At  a 
minimum  these  procedures  would  involve  moving  into  a  safe  area  and  removing 
protective  equipment.  Care  should  be  taken  to  minimize  contamination  of  the  safe  area 
and  personnel.  Contaminated  clothing  should  be  placed  in  plastic  garbage  bags  or  other 
suitable  containers.  Employees  should  wash  or  shower  as  soon  as  possible. 

7.4.3  EMERGENCY  SITE  SECURITY  AND  CONTROL 

For  this  project,  the  site  manager  (or  designated  representative)  must  know  who  is 
onsite  and  who  is  in  the  work  area.  Personnel  access  into  the  work  area  should  be 
controlled.  In  an  emergency  situation,  only  necessary  rescue  and  response  personnel 
should  be  allowed  into  the  exclusion  zone. 

7.5  PROCEDURES  FOR  EMERGENCY  MEDICAL  TREATMENT  AND  FIRST 
AID 

7.5.1  Chemical  Exposure 

In  the  event  of  chemical  exposure  (skin  contact,  inhalation,  ingestion)  the  following 
procedures  should  be  implemented: 

•  Another  team  member  (buddy)  should  assist  or  remove  the  individual  from  the 
immediate  area  of  contamination  to  an  upwind  location  if  it  is  safe  to  do  so. 
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•  Precautions  should  be  taken  to  avoid  exposure  of  other  individuals  to  the 
chemical. 

•  If  the  chemical  is  on  the  individual's  clothing,  the  clothing  should  be  removed  if 
it  is  safe  to  do  so. 

•  If  the  chemical  has  contacted  the  skin,  the  skin  should  be  washed  with  copious 
amounts  of  water,  preferably  under  a  shower. 

•  In  case  of  eye  contact,  an  emergency  eye  wash  should  be  used.  Eyes  should  be 
washed  for  at  least  15  minutes. 

•  If  necessary,  the  victim  should  be  transported  to  the  nearest  hospital  or  medical 
center.  If  necessary,  an  ambulance  should  be  called  to  transport  the  victim. 

7.5.2  Personal  Injury 

In  the  event  of  personal  injury: 

•  Field  team  members  trained  in  first  aid  can  administer  treatment  to  an  injured 
worker. 

•  The  victim  should  be  transported  to  the  nearest  hospital  or  medical  center.  If 
necessary,  an  ambulance  should  be  called  to  transport  the  victim. 

•  The  field  supervisor  is  responsible  for  the  completion  of  an  accident  report  form. 

7.5.3  Fire  or  Explosion 

In  the  event  of  fire  or  explosion,  personnel  will  evacuate  the  area  immediately  and 
administer  necessary  first  aid  to  injured  employees.  Personnel  will  proceed  to  a  safe 
area  and  telephone  the  emergency  support  services.  Upon  contacting  the  emergency 
support  services,  the  caller  should  state  his/her  name,  nature  of  the  hazard  (fire,  high 
combustible  vapor  levels),  the  location  of  the  incident,  and  whether  there  were  any 
physical  injuries  requiring  an  ambulance.  Do  not  hang  up  until  emergency  support 
services  has  all  of  the  additional  information  they  may  require. 

7.6  PERSONAL  PROTECTIVE  EQUIPMENT 

The  personal  protection  level  prescribed  for  the  project  is  OSHA  Level  D  (no 
respiratory  or  chemical  protective  clothing),  with  a  contingency  for  the  use  of  OSHA 
Level  C  or  B  as  site  conditions  require.  Unless  certain  compounds  are  ruled  out 
through  use  of  appropriate  air  monitoring  techniques  such  as  drager  tubes,  portable 
sampling  pumps,  or  an  onsite  gas  chromatograph  (gc).  Level  C  respiratory  protection 
[air-purifying  respirator  (apr)]  cannot  be  used.  Level  C  protection  may  only  be  used 
on  this  project  when  vapors  in  air  are  adequately  identified  and  quantified  and  Level  C 
respirator-use  criteria  are  met.  Level  B  (supplied  air)  respiratory  protection  must  be 
used  on  this  project  in  the  presence  of  unknown  vapor  constituents  or  if  benzene  is 
detected  at  or  above  1  ppmv.  This  is  based  on  the  toxicity  and  warning  properties 
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(high  odor  threshold)  for  benzene.  Air  monitoring  must  be  conducted  in  the  worker 
breathing  zone  when  the  potential  occurrence  of  these  compounds  exists. 

Ambient  air  monitoring  of  organic  gases/vapors  (using  photoionization  detectors 
such  as  an  HNU*  or  PHOTOVAC*  tip  or  by  colorimetric  analysis  with  DRAGER 
tubes)  will  be  used  to  select  the  appropriate  level  of  personal  protection.  If  the  portable 
air  monitoring  equipment  indicates  organic  vapor  concentrations  of  0-5  ppmv,  site 
workers  will  continue  air  monitoring  in  a  Level  D  ensemble.  If  organic  vapors  reach 
5-25  ppmv  for  more  than  30  seconds,  and/or  benzene  concentrations  exceed  1  ppmv, 
site  workers  will  evacuate  the  area  or  upgrade  to  Level  B  ensemble,  if  trained  to  do  so. 
If  benzene  concentrations  are  less  than  1  ppmv  in  the  breathing  zone,  the  site  crews 
may  continue  in  Level  D  ensemble  with  periodic  air  monitoring.  If  organic  vapor 
concentrations  reach  25-50  ppmv  for  greater  than  30  seconds  and  benzene 
concentrations  exceed  1  ppmv,  site  crews  will  evacuate  the  site  or  upgrade  to  Level  b 
ensemble.  If  benzene  concentrations  are  less  than  1  ppmv,  and  vapors  are  in  the  range 
of  25-50  ppmv,  site  workers  will  don  full  facepiece  air-purifying  respirators  (APR) 
equipped  with  organic  vapor  cartridges  (NIOSH  approved),  and  continue  periodic 
monitoring.  If  organic  vapor  concentrations  reach  50-500  ppmv  for  greater  than  30 
seconds,  site  crews  will  evacuate  the  site  or  upgrade  to  Level  B  ensemble.  If  organic 
vapor  concentrations  exceed  500  ppmv  for  greater  than  30  seconds,  site  crews  will 
evacuate  the  site.  The  site  health  and  safety  officer  will  determine  when  changes  in  the 
level  of  respiratory  protection  are  appropriate. 

The  following  personal  protective  ensemble  is  required  only  when  handling 
contaminated  samples  or  equipment. 


Mandatory  Equipment 

Optional  Equipment 

Vinyl  or  Latex  Inner  Gloves 

Neoprene  or  Silver  Shield/Outer  Gloves 

organic  vapor/high  Efficiency  Particulate 

Steel-Toed,  Steel  Shank  Work  Boots 

Air  [HEP A]  Catridges) 

Self-Contained  Breathing  Apparatus 

(SCBA)  or  Air-Line  Respirator  in 
Pressure-Demand  Mode 

Leather  or  Rubber  Safety  Boots 

Disposable  Tyvek/ Coveralls 

Outer  Disposable  Boot  Covers 

Saranex/Suits 

Chemical  Goggles 

Hard  Hat 

Each  field  team  shall  have  the  following  items  readily  available: 

•  Copy  of  this  health  and  safety  plan,  including  a  separate  list  of  emergency 
contacts; 

•  First  aid  kit; 
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•  Eye  wash  bottle; 

•  Paper  towels; 

•  Duct  tape; 

•  Water;  and 

•  Plastic  garbage  bags. 

7.7  SITE  CONTROL  MEASURES 

The  following  site  control  measures  will  be  followed  in  order  to  minimize  potential 
contamination  of  workers,  protect  the  public  from  potential  site  hazards,  and  to  control 
access  to  the  site.  Site  control  involves  the  physical  arrangement  and  control  of  the 
operation  zones  (i.e.,  site  organization)  and  the  methods  for  removing  contaminants 
from  workers  and  equipment.  Site  organization  is  discussed  in  this  section. 

7.7.1  Site  Operation  Zones 

Any  time  respirators  are  worn,  the  following  operation  zones  will  be  established  on 
the  site  or  around  a  particular  site  feature  (such  as  the  drill  rig): 

•  Exclusion  zone  (or  contamination  zone) 

•  Contamination-reduction  zone 

•  Support  zone. 

If  protective  clothing,  such  as  gloves  and/or  TYVEK  suits,  are  worn  but  respirators 
are  not  worn  (Level  D-modified),  the  field  crew  will  establish  a  decontamination  area 
to  avoid  spreading  contaminants  offsite.  The  field  team  leader  and/or  site  safety  officer 
will  be  responsible  for  establishing  the  size  and  distance  between  zones  at  the  site  or 
around  the  site  feature.  Professional  judgment  is  required  to  assure  safe  working 
distances  for  each  zone  are  balanced  against  practical  work  considerations. 

7.7.1. 1  Exclusion  Zone  (Contamination  Zone) 

The  exclusion  zone  is  the  place  within  which  active  investigation  or  cleanup 
operations  occur.  Within  the  exclusion  zone,  prescribed  levels  of  protection  must  be 
worn  by  all  personnel.  The  hotline,  or  exclusion  zone  boundary,  is  initially  c  tablished 
based  upon  the  presence  of  actual  wastes  or  apparent  spilled  material,  or  ti trough  air 
monitoring,  and  is  designated  to  encompass  all  physical  indicators  of  hazardous 
substances  (e.g.,  drums,  ponds,  tanks,  liquid  runoff  defoliated  areas).  The  hotline  may 
be  readjusted  based  upon  subsequent  observations  and  measurements.  This  boundary 
should  be  physically  secure  and  posted  or  well-defined  by  physical  and  geographic 
boundaries. 

Under  some  circumstances,  the  exclusion  zone  may  be  subdivided  into  zones  based 
upon  environmental  measurements  or  expected  onsite  work  conditions.  An  exclusion 
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zone  will  be  established  around  the  drill  rig  or  other  appropriate  site  features  if  Level  C 
or  B  protection  is  required. 

7.7. 1.2  Contamination-Reduction  Zone 

Between  the  exclusion  zone  and  the  support  zone  is  the  contamination-reduction 
zone.  This  zone  provides  an  area  to  prevent  or  reduce  the  transfer  of  hazardous 
materials  which  may  have  been  picked  up  by  personnel  or  equipment  leaving  the 
exclusion  area.  All  decontamination  activities  occur  in  this  area. 

7.7.1. 3  Support  Zone 

The  support  zone  is  the  outermost  area  of  the  site  and  is  considered  a 
noncontaminated  or  clean  area.  The  support  zone  contains  the  command  post  for  field 
operations,  first  aid  stations,  and  other  investigation  and  cleanup  support.  Normal 
work  clothes  are  appropriate  apparel  within  this  zone;  potentially  contaminated 
personnel  clothing,  equipment,  etc.,  are  not  permitted. 

7.7.2  Site  Security 

The  site  is  currently  surrounded  by  a  6-foot  chain-link  fence  with  locking  gate.  It  is 
anticipated  that  this  fence  will  remain  throughout  the  course  of  the  closure  (Figure 
1.3see  Sheet  9).  Access  to  the  site  is  limited  further  by  overall  base  security.  A  guard 
is  on  duty  24  hours  per  day  at  the  Base  gate. 

Warning  signs  stating: 

"DANGER  -  UNAUTHORIZED  PERSONNEL  KEEP  OUT," 

or  similar  language  will  be  posted  around  the  permanent  and  temporary  fencing.  These 
site  security  measures  meet  the  requirements  of  40  CFR  265. 14. 

Site  security  will  be  enforced  by  the  site  health  and  safety  officer  who  will  ensure 
that  only  authorized  personnel  are  allowed  in  the  work  area  and  that  entry  personnel 
have  the  required  level  of  PPE,  are  trained  under  the  requirements  of  29  CFR 
1910.120,  and  are  on  a  current  medical  monitoring  program. 

Site  security  is  necessary  to  prevent  exposure  of  unauthorized,  unprotected 
individuals  in  the  work  area.  The  areas  immediately  surrounding  the  work  area  will  be 
clearly  marked  through  use  of  warning  signs,  traffic  cones,  barrier  tape,  rope,  or  other 
suitable  means. 

7.7.3  Site  Communication 

Internal  site  communication  is  necessary  to  alert  field  team  members  in  the  exclusion 
zone  and  contamination-reduction  zone  of  emergency  conditions,  to  convey  safety 
information,  and  to  communicate  changes  or  clarification  in  the  work  to  be  performed. 
For  internal  site  communication,  the  field  team  members  will  use  prearranged  hand 
signals  (and  responses).  Radios  and/or  compressed  air  horns  may  also  be  used  for 
communication. 
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External  site  communication  is  necessary  to  coordinate  emergency  response  teams 
and  to  maintain  contact  with  essential  offsite  personnel.  A  telephone  will  be  available 
for  use  in  external  site  communication. 

7.7.4  Safe  Work  Practices 

To  ensure  a  strong  safety  awareness  program  during  field  operations,  personnel  shall 
have  adequate  training,  this  health  and  safety  plan  must  be  communicated  to  the 
employees,  and  standing  work  orders  developed  and  communicated  to  the  employees. 
Sample  standing  orders  for  personnel  entering  the  contamination-reduction  zone  and 
exclusion  zone  are  as  follows: 

•  No  smoking,  eating,  drinking; 

•  No  matches/lighters  in  the  zone; 

•  Check  in/check  out  at  access  control  points; 

•  Use  the  buddy  system; 

•  Wear  appropriate  PPE; 

•  Avoid  walking  through  puddles  or  stained  soil; 

•  Discovery  of  unusual  or  unexpected  conditions  will  result  in  immediate  evaluation 
and  reassessment  of  site  conditions  and  health  and  safety  practices; 

•  Conduct  safety  briefings  prior  to  onsite  work; 

•  Conduct  daily/ weekly  safety  meetings  as  necessary;  and 

•  Take  precautions  to  reduce  injuries  from  heavy  equipment  and  other  tools. 

The  following  guidelines  will  be  followed  while  working  onsite: 

•  Heavy  Equipment  -  Only  qualified  operators  will  be  allowed  to  operate  heavy 
equipment.  Subcontractors  will  be  required  to  use  the  safe  work  guidelines 
included  in  the  OSHA  general  industry  (29  CFR  1910)  and  construction  industry 
(29  CFR  1926)  Standards. 

•  Trench  Shoring  -  Any  trenches  for  human  entry  that  are  more  than  5  feet  deep 
will  be  shored  or  have  the  sides  laid  back  in  accordance  with  29  CFR  1926 
Subpart  P.  All  trenching  and  shoring  will  be  inspected  on  a  daily  basis  by  the 
SHSO. 

•  Power  Lines  -  When  operating  heavy  equipment  such  as  drilling  rigs  near  power 
lines,  workers  will  take  care  to  ensure  that  the  boom  or  rigging  always  maintains 
a  safe  distance  (20-foot  minimum)  from  power  lines.  Any  underground  utility 
lines  must  also  be  located,  and  appropriate  measures  taken  before  any  excavation 
work  or  drilling  is  done. 
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•  Swing  Radius  -  All  swing  equipment,  such  as  cranes  or  backhoes,  will  have  the 
swing  radius  guarded  to  prevent  workers  from  being  struck  by  the  rotating 
machinery. 

•  Electrical  Equipment  -  All  electrical  equipment  will  be  properly  grounded  and 
class  approved  for  the  location. 

•  Machine  Guarding  -  All  machinery  onsite  will  be  properly  guarded  to  prevent 
contact  with  rotating  shafts,  blades,  or  gears. 

•  Flammable  Materials  -  When  work  involves  flammable  materials,  adequate 
ventilating  and  control  of  all  ignition  sources  will  be  maintained.  Preventative 
measures  may  include: 

-  Nonsparking  tools,  no  welding, 

-  Explosion-proof  equipment  (intrinsically  safe), 

-  Class-approved  electrical  equipment, 

-  Grounding  and  bonding  of  static  electricity  sources,  and 

-  No  smoking  or  open  lights. 

7.8  PERSONNEL  AND  EQUIPMENT  DECONTAMINATION  PROCEDURES 

An  exclusion  zone,  contamination-reduction  zone,  and  support  zone  will  be 
established  whenever  field  personnel  are  using  Level  C  or  B  respiratory  protection. 
Decontamination  station  layout  will  be  made  on  a  site-specific  basis  and  will  be 
designed  to  accommodate  the  particular  PPE  worn  by  employees  and  the  types  of 
chemical  hazards  encountered.  Defined  access  and  egress  points  will  be  established  and 
personnel  will  enter  and  exit  only  through  these  points.  A  schematic  of  the 
decontamination  pad  used  as  part  of  Building  560  decontamination  activities  (SECTION 
5)  is  presented  in  Figure  7.1. 

If  personnel  are  in  Level  D-modified  protection  (no  respirator  but  using  protective 
gloves  and/or  suits  and  other  equipment),  a  portable  decontamination  station  will  be  set 
up  at  the  site  at  the  site  actively  under  investigation.  The  decontamination  station  will 
include  provisions  for  collecting  disposable  personal  protective  equipment  (PPE)  (such 
as  Tyvek®  suits,  gloves,  etc.);  washing  boots,  gloves,  vinyl  rainsuits  (if  used),  and 
field  instruments  and  tools;  and  washing  hands,  face,  and  other  exposed  body  parts. 
Onsite  personnel  will  shower  upon  return  to  their  hotel  or  homes  at  the  end  of  the  work 
day.  Refuse  from  decontamination  will  be  bagged  and  left  onsite  for  proper  disposal. 
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7.9  EQUIPMENT  DECONTAMINATION 

Decontamination  of  drilling  rigs  and  testing  equipment  will  be  conducted  at  a 
location  onsite  where  the  rinseate  can  be  collected.  High-pressure  steam  cleaning  of 
drilling  rigs  and  cone  penetrometer  testing  equipment  will  be  necessary  prior  to  the 
start  of  the  drilling  operation,  between  borehole  locations,  and  before  the  drill  rig 
leaves  the  project  site.  All  sampling  equipment  will  be  decontaminated  prior  to  use, 
between  samples,  and  between  sampling  locations.  Sampling  equipment  should  be 
thoroughly  washed  with  detergent,  followed  by  clean  water  rinse,  solvent  (methanol) 
rinse,  and  a  distilled  water  rinse.  Adequate  time  will  be  allowed  for  solvent 
evaporation  before  equipment  reuse. 
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SECTION  8 

SCHEDULE  AND  CERTIFICATION  FOR  CLOSURE 


8.1  PROPOSED  SCHEDULE  FOR  CLOSURE  ACTIVITIES  | 

Table  8. 1  presents  the  schedule  for  the  implementation  of  this  closure  plan.  Each  of 
the  tasks  is  considered  a  major  activity,  and  the  Ohio  EPA  will  be  notified  at  least  5 
days  prior  to  initiating  each  task  except  for  planned  quarterly  groundwater  sampling. 
The  engineer  of  record  for  the  project  will  visit  the  site  during  approximately  the  20-, 
60-  and  95-percent  completion  points  of  the  installation  and  testing  of  both  the  source 
area  soil  remediation  and  groundwater  amendment  systems;  and,  if  necessary,  during 
the  implementation  of  pre-closure  contingency  actions. 

Time  has  been  allowed  in  the  schedule  for  the  review  and  approval  of  all  permit 
applications  by-BUSTR,  Ohio  EPA,  and  other  appropriate  regulatory  agencies.  The  | 
AFBCA  anticipates  requesting  site  closure  from  Ohio  EPA  by  the  end  of  the  year  2000; 
however,  scheduled  implementation  of  remedial  action  and  site  closure  rely  on  timely 
review  and  approval  of  required  tasks. 

8.2  CERTIFICATION  OF  CLOSURE 

Rickenbacker  ANGB  will  submit  certification  of  closure  to  the  Director  of  the 
Central  District  Office  of  the  OEPA,  and  to  the  Regional  administrator  of  the 
USEPA.  The  certification  will  be  signed  by  an  agent  of  the  owner/operator  and  by 
an  independent,  qualified,  Ohio-registered  professional  engineer. 

In  accordance  with  Ohio  Revised  Code,  OAC  3745-50-42(D),  the  signatories  to 
the  certification  of  closure  will  make  the  following  certification: 

"/  certify  under  penalty  of  law  that  this  document  and  all  attachments 
were  prepared  under  my  direction  or  supervision  in  accordance  with  a 
system  designed  to  assure  that  qualified  personnel  properly  gather  and 
evaluate  the  information  submitted.  Based  on  my  inquiry  of  the  person 
or  persons  who  manage  the  system,  or  those  persons  directly 
responsible  for  gathering  the  information,  the  infoimation  submitted  is 
to  the  best  of  my  knowledge  and  belief,  true,  accurate,  and  complete. 

/  am  aware  that  there  are  significant  penalties  for  submitting  false 
information,  including  the  possibility  of  fine  and  imprisonment  for 
knowing  violations. 
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The  certification  will  be  submitted  to  the  OEPA  and  USEPA  within  60  days  of 
completion  of  closure  activities,  via  registered  mail.  The  certification  will  include 
a  report  detailing  the  closure  activities.  These  activities  consist  of  pre-closure 
sampling,  UST  removal,  post-removal  sampling,  groundwater  remediation  system 
design  and  construction,  building  decontamination  and  removal,  cover 
construction,  and  post-closure  care.  The  report  will  also  document  that  the 
hazardous  waste  storage  area  has  been  closed  in  accordance  with  the  Specifications 
of  the  approved  Closure  Plan.  Additionally,  this  document  will  incorporate  all 
laboratory  records  and  correspondence  regarding  the  closure  activity  after  the 
OEPA  approval. 
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SECTION  9 

POST-CLOSURE  PLAN 


The  following  plan  summarizes  activities  to  be  completed  at  the  site  during  the  post¬ 
closure  life  of  the  HWSA.  The  post-closure  life  of  the  HWSA  may  last  up  to  30  years 
unless  approval  of  a  shorter  post-closure  care  period  is  granted  by  the  Ohio  EPA, 

Activities  to  be  conducted  during  the  post-closure  period  of  the  facility  include  post¬ 
closure  notices,  groundwater  monitoring,  remediation  system  monitoring  and 
maintenance,  site  inspection  and  maintenance,  and  periodic  reporting  and  amendment 
of  the  Post-Closure  Plan,  if  necessary. 

9.1  ACCESS  CONTROL 

During  closure  activities,  the  site  will  be  secured  with  a  chain-link  fence,  with 
padlocked  gates  to  limit  access  in  compliance  with  OAC  3745-68-9.  The  fence  will  be 
removed  prior  to  construction  of  the  taxiway  or  implementation  of  contingency  actions, 
if  necessary.  Limiting  access  to  the  site  will  be  unnecessary  following  construction  of 
the  taxi  way. 

9.2  SITE  SURVEY 

The  location  and  dimensions  of  the  fenced  area  (HWSA)  will  be  determined  by  a 
registered  professional  surveyor  with  reference  to  permanently  installed  and  protected 
onsite  benchmarks.  The  survey  data  will  be  used  to  prepare  and  maintain  a  survey  plat 
of  the  HWSA,  which  will  be  kept  on  the  Base.9.3  Amendment  of  the  Post-Closure 
Plan 

9.3  AMENDMENT  OF  THE  POST-CLOSURE  PLAN 

Whenever  changes  in  the  operating  plans  or  facility  design  affect  the  post-closure 
plan,  or  events  occur  during  the  post-closure  life  of  the  facility,  including  partial  or 
final  closure,  the  post-closure  plan  will  be  modified  by  the  procedures  established  in 
OAC  3745-66-18. 

9.4  POST-CLOSURE  FIELD  ACTIVITIES 

Many  of  the  activities  to  be  completed  as  a  part  of  the  post-closure  plan  will  be 
field-related  activities.  These  activities  are  described  in  detail  below. 

A  groundwater  monitoring  system,  in  accordance  with  OAC  3745-65-90  (D),  will 
be  implemented  at  the  site  during  closure  activities  and  remain  in  use  throughout  the 
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duration  of  the  post-closure  life  of  the  facility.  This  system,  which  will  comply  with 
OAC  3745-65-91  (A,  B,  C)  and  3745-65-92  (A,  E)  is  described  in  greater  detail  below. 

9.4.1  Monitoring  Well  Installation 

Nineteen  existing  monitoring  wells  or  points  currently  are  used  to  conduct  quarterly 
monitoring  at  the  site  (refer  to  Figure  4. 1).  These  sampling  locations  have  been  used 
to  define  the  nature  and  extent  of  contamination  at  the  site  prior  to  closure  activities. 
However,  additional  sampling  points  will  be  required  to  monitor  the  performance  of  the 
groundwater  oxygenation  system  and  to  confirm  the  downgradient  extent  of  chlorinated 
contamination  in  groundwater. 

A  total  of  8  additional  wells  (3  shallow  and  5  deep)  will  be  installed  and  sampled  as 
part  of  closure  and  post-closure  activities.  Three  additional  shallow/deep  well  clusters 
will  be  installed  in  the  vicinity  of  ESMP-17s  to  assess  the  extent  of  dissolved 
contamination,  and  to  monitor  the  performance  of  the  groundwater  oxygenation  system. 
A  deep  well  will  be  installed  in  the  vicinity  of  ESMP-2,  ESMP-3,  and  ESMP-4  to 
monitor  dissolved  chlorinated  compounds.  Finally,  a  deep  well  will  be  installed  in  the 
vicinity  of  ESMP-13,  ESMP-14,  and  ESMP-15  to  monitor  the  ongoing  transformation 
of  TCE  to  DCE  to  vinyl  chloride.  These  wells  will  be  used  to  supplement  four  existing 
wells  (MW-4,  MW-6,  MW-8  AND  MW- 12)  during  closure  and  post-closure  activities. 
Ongoing  monitoring  of  those  15  sampling  locations  currently  used  to  complete 
quarterly  groundwater  monitoring  also  may  be  sampled,  as  needed. 

A  total  of  12  permanent  monitoring  wells  will  be  sampled  as  a  part  of  the  post¬ 
closure  activities.  The  locations  of  existing  and  proposed  new  wells  to  be  monitored 
during  post-closure  activities  are  shown  on  Figure  9.1.  These  wells  will  be  drilled  to 
depths  of  approximately  19  feet  bgs,  screened  across  the  deeper  portions  of  the 
shallow  aquifer,  and  completed  as  described  in  OAC  3745-65-91  (C).  These  wells  will 
be  sampled  using  methods  described  in  Section  6.  The  purpose  of  these  wells  is  to 
monitor  site-related  contamination  over  time,  and  to  evaluate  the  effectiveness  of  the 
implemented  closure  activities. 

9.4.2  Groundwater  Monitoring 

The  12  wells  comprising  the  long-term  monitoring  network  to  be  used  during  post¬ 
closure  monitoring  (Figure  9.1)  will  be  sampled  quarterly  for  the  parameters  listed  in 
Table  6.1.  Results  of  these  groundwater  monitoring  activities  will  be  submitted  to  the 
OEPA  in  an  annual  report  as  required  by  OAC  3745-65-93.  When  the  implemented 
closure  activities  have  effectively  reduced  residual  contaminant  concentrations  to  levels 
that  no  longer  pose  an  unacceptable  risk  to  potential  receptors,  given  the  planned  use  of 
the  site,  the  post-closure  plan  will  be  amended  and  a  petition  for  a  risk-based  closure 
will  be  submitted. 

9.4.3  Sampling  and  Analysis 

During  closure  activities,  gGroundwater  samples  will  be  collected  from  the  19 
existing  wells  currently  included  in  the  quarterly  monitoring  program  (Figure 
4.1)quarterly  during  the  closure  activities.  Following  the  installation  of  the  additional 
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8  wells,  one  assessment  sampling  event  will  be  performed  at  these  wells  and  the 
original  19  wells.  After  closure  of  the  site,  quarterly  sampling  will  be  performed 
at  the  12  wells  shown  on  Figure  9.1  as  part  of  post-closure  monitoringgroundwatef 
samples  will  be  collected  quarterly  from  those  8  wells  and  4  previously  installed  wells 
as  a  part  of  the  post  closure  activities.  All  samples  collected  will  be  analyzed  for 
parameters  described  in  Table  6. 1  using  the  methods  described  in  Section  6.  Samples 
will  be  collected  and  groundwater  elevations  will  be  determined. 

9.4.4  System  Inspection  and  Maintenance 

Inspection  and  maintenance  of  all  closure  systems  will  be  conducted  concurrently 
with  the  quarterly  sampling  activities  or  as  specified  by  system-specific  operation  and 
maintenance  schedules.  The  inspection  program  will  be  recorded  in  a  dedicated  field 
book. 

For  the  soil  remediation  system  (whether  passive  or  air  injection),  system 
inspections  may  be  required  about  every  month  to  evaluate  performance.  The 
following  activities  will  typically  be  performed  during  a  system  check: 

•  Record  air  injection  pressures  and  flow  rates  for  each  of  the  injection  wells,  if 
applicable; 

•  Measure  injection  blower  operating  temperature  and  inlet  vacuum,  if  applicable; 

•  Assess  the  condition  of  the  air  inlet  filter  element  and  replace  as  necessary; 

•  Measure  DO  content  in  specified  monitoring  points;  and 

•  Note  any  unusual  operating  characteristics  (e.g.,  clogged  lines,  tripped  breakers, 
or  damaged  vent  well). 

All  maintenance  activities  will  be  recorded  on  a  checklist  and  will  become  part  of 
the  site  record. 

In  addition  to  the  monitoring  described  above,  in  situ  respiration  and  radius  of 
influence  tests  should  be  performed  annually  at  all  vent  wells  (VWs)  and  at  the  discrete 
vapor  monitoring  points  (MPs)  at  the  site.  Soil  gas  samples  collected  from  these 
locations  will  be  analyzed  for  VOCS.  This  testing  and  sampling  will  be  used  to  assess 
remedial  progress  and  to  assure  that  biodegradation  is  continuing  in  accordance  with  the 
bioventing  technical  protocol  (Hinchee  et  al.,  1992).  If,  at  the  end  of  the  1  or  2  years 
of  operation,  it  appears  that  the  majority  of  the  VOC  contamination  at  the  site  has  been 
biodegraded  based  on  respiration  rates  and  soil  gas  samples,  compliance  soil  samples 
will  be  collected.  Samples  will  be  analyzed  for  VOCs  and  SVOCs  using  USEPA 
methods.  Soil  samples  will  be  compared  to  available  site  data  to  determine  if 
contaminant  levels  have  been  remediated  to  levels  that  reduce  potentially  unacceptable 
risks. 
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For  the  groundwater  oxygenation  system,  system  inspections  ideally  should  be 
performed  every  other  week,  the  following  activities  will  typically  be  performed  during 
a  system  check: 

•  Record  air  injection  pressure  or  check  chemical  addition  rates; 

•  Measure  the  injection  blower  flow  rate  and  operating  temperature,  if  appropriate; 

•  Assess  the  condition  of  the  air  inlet  filter  elements  and/or  chemical  oxidants  and 
replace  as  necessary;  and 

•  Note  any  unusual  operating  characteristics  (e.g.,  clogged  lines,  tripped  breakers, 
ripped  chemical  sacks). 

All  maintenance  activities  will  be  recorded  on  a  checklist  and  will  become  part  of 
the  site  record.  In  addition  to  field  monitoring,  quantitative  testing  of  system 
performance  will  be  completed  senwannually.  These  tests  will  be  used  to  track  progress  | 
in  soil  gas,  soil,  and  groundwater  toward  in  situ  remediation.  The  following  data 
should  be  collected  during  these  testing  events: 

•  Dissolved  oxygen  levels  in  the  groundwater  at  various  depths  upgradient  and 
downgradient  from  the  system; 

•  Soil  gas  TVH  concentrations  before  and  after  periodic  system  shut  down;  and 

•  Soil  gas  oxygen  and  carbon  dioxide  during  a  short-term  respiration  test. 

These  results  will  be  used  to  determine  contaminant  removal  rates  and  estimated 
treatment  time.  In  addition,  in  situ  respiration  and  oxygen  radius-of-influence  tests  will 
be  performed  semiannually  at  the  site.  This  testing  and  sampling  will  be  used  to  assess 
remedial  progress  and  to  assure  that  biodegradation  is  continuing.  When  1-year^ 
month  sampling  results  indicate  that  remediation  is  progressing  as  planned  or 
asymptotic  treatment  levels  have  been  attained,  the  system  will  be  deactivated. 

For  the  groundwater  monitoring  network,  the  inspection  program  will  consist  of 
checking  each  well  for  the  following: 

•  Damaged  protective  casings; 

•  Damaged  well  casings; 

•  Missing  or  damaged  well  covers,  caps,  or  locks; 

•  Presence  of  foreign  objects  in  wells; 

•  Heaving  of  the  wells; 

•  Damaged  concrete  pads; 

•  Subsidence  of  the  wells; 
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•  Silting  of  the  wells;  and 

•  Other  signs  of  unauthorized  use,  abuse,  vandalism,  or  deterioration. 

If  any  of  the  above  circumstances  are  observed,  they  will  be  noted  in  the  dedicated 
field  log  book.  The  missing  or  damaged  items  will  be  repaired  or  replaced  within  30 
days,  as  appropriate.  A  record  of  any  observations  and  repair/replacement  activities 
will  be  included  in  the  annual  report. 

9.4.5  Site  Inspection  and  Maintenance 

During  each  of  the  quarterly  groundwater  monitoring  events,  the  site  will  be 
inspected  and  regular  maintenance  and  repair  activities  will  be  completed.  The 
following  items  will  be  inspected  for  damage  due  to  use,  abuse,  wear,  vandalism,  or 
weathering: 

•  The  fence,  gate,  and  padlocks; 

•  The  permanently  installed  benchmarks; 

•  The  cover  and  drain  system;  and 

•  The  site  building. 

If  damage  to  any  of  these  items  is  noted  during  the  quarterly  inspections,  the 
damaged  items  will  be  immediately  repaired  or  replaced.  All  damage  and  repair  or 
maintenance  actions  will  be  noted  in  a  field  logbook  and  in  the  annual  report  to  the 
Ohio  EPA. 

9.5  POST-CLOSURE  NOTICES 

9.5.1  Annual  Groundwater  Monitoring  System  Reports 

Groundwater  sampling  reports  will  be  submitted  to  the  Ohio  EPA  annually  during 
closure  activities  and  the  post-closure  life  of  the  facility.  These  reports  will  include  | 
the  following  information: 

•  Results  of  site  inspection  and  maintenance  activities; 

•  Groundwater  elevation  data; 

•  An  evaluation  of  the  groundwater  surface  elevations; 

•  Results  of  groundwater  analyses; 

•  An  evaluation  of  the  analytical  results; 

•  A  determination  of  the  rate  and  extent  of  contaminant  migration;  and 

•  Any  other  pertinent  data  or  information. 
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9.5.2  Record  of  Hazardous  Waste  Disposal 

As  stipulated  in  OAC  3745-66-19,  a  record  of  the  type,  location,  and  quantity  of 
hazardous  wastes  disposed  of  at  the  site  will  be  submitted  to  the  Ohio  EPA  and  the 
local  zoning  authority  no  later  than  60  days  after  the  certification  of  closure. 

9.5.3  Deed  Restriction  Notation  and  Certification 

A  notation  will  be  recorded  on  the  deed  to  the  facility  property  in  accordance  with 
OAC  3745-66-19.  A  certification  stating  that  the  above-described  notation  was  made 
and  a  copy  of  the  document  in  which  the  notation  was  placed  will  be  submitted  to  the 
director  within  sixty  days  of  certification  of  closure. 

9.5.4  Post-Closure  Certification 

A  certification  stating  that  the  post-closure  care  period  for  the  facility  was  performed 
in  accordance  with  the  specifications  in  the  approved  post  closure  plan  will  be 
submitted,  by  registered  mail,  to  the  Ddirector  of  the  Central  District  Office  of  the 
OEPA,  and  to  the  Regional  Administrator  of  the  USEPA  within  60  days  of  the 
completion  of  the  established  post-closure  period.  This  certification  will  be  signed  by 
an  agent  of  the  owner/operator  and  by  an  independent,  qualified,  Ohio-registered 
professional  engineer.  This  certification  will  include  the  exact  wording  found  in  OAC 
3745-50-42  (D),  which  states: 

"7  certify  under  penalty  of  law  that  this  document  and  all  attachments 
were  prepared  under  my  direction  or  supervision  in  accordance  with  a 
system  designed  to  assure  that  qualified  personnel  properly  gather  and 
evaluate  information  submitted.  Based  on  my  inquiry  of  the.  person  or 
persons  that  manage  the  system,  or  those  persons  directly  responsible  for 
gathering  the  information,  the  information  submitted  is,  to  the  best  of  my 
knowledge  and  belief,  true  accurate,  and  complete.  I  am  aware  that 
there  are  significant  penalties  for  .submitting  false  information,  including 
the  possibility  of  fine  and  imprisonment  for  knowing  violations. " 

The  certification  will  include  a  report  detailing  the  closure  activities.  These 
activities  consist  of  pre-closure  sampling,  UST  removal,  post-removal  sampling, 
groundwater  remediation  system  design  and  construction,  if  required,  building 
decontamination  and  removal,  cover  construction,  and  post-closure  care.  The 
report  will  also  document  that  the  former  HWSA  has  been  closed  in  accordance 
with  the  specifications  of  the  approved  closure  plan.  Additionally,  this  document 
will  incorporate  all  laboratory  records  and  correspondence  regarding  the  closure 
activity  after  the  OEPA  approval. 

9.5.5  Survey  Plat 

A  survey  plat  of  the  facility  will  be  submitted  to  the  Ohio  EPA  and  the  local  zoning 
authority  no  later  than  the  submission  of  the  certification  of  closure.  The  survey  plat 
will  contain  a  note,  prominently  displayed,  that  states  the  obligation  of  the 
owner/operator  to  restrict  disturbance  of  the  facility  in  accordance  with  OAC  3745-66- 
10  to  3745-66-20. 
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9.6  POST-CLOSURE  CONTACT 

The  post-closure  contact  for  the  referenced  site  is: 

Mr.  Alan  Friedstrom 

AFBCA/DA  RickeiibackerAFBDA/MWR 
7556  South  Perimeter  RoadBuilding  548 

Columbus,  OH  43217-5910Rickenbacker  ANGB,  Ohio  43217-5001 
Telephone:  (614)  492-8065  Ext.  134673- 
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SECTION  10 

COST  ESTIMATES  FOR  CLOSURE 


Rickenbacker  Air  National  Guard  Base  is  exempt  from  filing  a  closure  cost  estimate 
(40  CFR  265.142  and  .143)  because  it  is  owned  and  operated  by  the  federal 
government.  However,  preliminary  cost  estimates  have  been  provided  to  support 
potential  subsequent  decisions  regarding  the  need  for  contingency  actions  at  the 
HWSA.  Tables  10.1  and  10.2  provide  cost  estimates  for  proposed  closure  activities 
and  potential  high-cost  contingency  actions,  respectively,  estimates  include  basic  costs 
that  exist  for  both  approaches,  such  as  groundwater  monitoring,  closure  permitting  and 
well  installation.  Estimates  do  not  include  costs  for  any  post-closure  activities,  such  as 
quarterly  groundwater  sampling,  which  may  be  required  by  the  Ohio  EPA.  Costs  for 
the  decontamination  of  building  560  and  the  removal  of  the  USTs  are  not  included  in 
these  estimates. 

The  proposed  closure  approach  as  prescribed  in  this  report  includes  implementation 
of  several  tasks,  including  engineered  remediation.  The  following  tasks  represent 
activities  that  were  not  originally  scoped  in  previous  versions  of  this  plan: 

•  Installation/testing  of  soil  remediation  and  groundwater  oxygenation  systems; 

•  Installation  of  a  total  of  8  additional  wells; 

•  One  time  sampling  of  20  additional  wells  during  scheduled  quarterly  groundwater 
sampling; 

•  Operation  and  maintenance  of  soil  and  groundwater  remediation  systems  for  two 
years;  and 

•  Compliance  soil  sampling  in  the  year  2000. 
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TABLE  10.1 

COST  ESTIMATES  FOR  PROPOSED  CLOSURE  ACTIONS 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB.OHIO 


More 

Passive 

Approaches 


More 

Engineered 

Approaches 


Capital  Costs 

Installation  of  8  new  wells  to 

confirm  nature  and  extent  of  contamination, 


and  monitor  remedial  progress 

$22,400 

$22,400 

Initial  sampling  of  all  wells  (31  existing  and  8  new) 

$31,100 

$31,100 

Preliminary  health-based  performance 
evaluation  with  regulatory  support 

$56,000 

$56,000 

Installation  and  testing 

Passive  venting  system 

Air  injection  bioventing  system 

$15,000 

$48,000 

Installation  and  testing  of  interim 
groundwater  remedial  system 
to  oxygenate  leading  edge  of  plume 

Passive  addition  of  chemical  oxidant  (6  wells) 

Air  sparging  with  4  wells 

$30,000 

$33,660 

Compliance  soil  sampling 

$11,700 

$11,700 

Closure  Permitting 

$72,000 

$72,000 

Operation,  Maintenance  and  Monitoring  Costs  (Annual) 

Quarterly  Monitoring  of  19  existing  and  8  new  wells 
(4  years)* 

$88,440 

$88,440 

Soil  gas  monitoring  (2  years) 

$13,540 

$13,540 

Operate  and  Maintain  soil  remediation  system  (2  years) 

$2,000 

$13,200 

Operate  and  Maintain  groundwater  remediation  system 
(2  years) 

$4,000 

$13,200 

Present  Worth  of  Remedial  Actions 

$568,310 

$641,894 

Present  worth  calculations  based  on  a  discount  factor  of  7  percent. 
*  Cost  docs  not  include  any  post  closure  activities 
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TABLE  10.2 

COST  ESTIMATES  FOR  CONTINGENCY  ACTIONS 
HAZARDOUS  WASTE  STORAGE  AREA 
AMENDED  CLOSURE/POST-CLOSURE  PLAN 
RICKENBACKER  ANGB,OHIO 


Capital  Costs 

Installation  of  8  new  wells  to 
confirm  nature  and  extent,  and  monitor 

remedial  progress  $22,400 

Initial  sampling  of  all  wells  (3 1  existing  and  8  new)  $3 1,100 

Preliminary  health-based  performance 

evaluation  with  regulatory  support  $56,000 

Installation  of  onsite  extraction  system 

(4  extraction  wells)  $60,000 

Installation  of  onsite  groundwater  treatment  system  $885,000 

Design  and  Installation  of  cover 

(120’  x  240')  $75,000 

Closure  Permitting  $72,000 

Operation,  Maintenance  and  Monitoring  Costs  (Annual) 

Quarterly  Monitoring  of  19  existing  and  8  new  wells  $88,440 

(4  years)* 

Operate  and  Maintain  onsite  groundwater  extraction  system 

(2years)  $44,100 

Operate  and  Maintain  onsite  groundwater  treatment  system 

(2  years)  $570,900 

Present  Worth  of  Remedial  Actions  $2,6 12,693 


Present  worth  calculations  based  on  a  discount  factor  of  7  percent. 
*  Cost  does  not  include  any  post  closure  activities 
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TABLE  A.l^ 

!  SOLUBIUTY  CONSTANTS 

HAZARDOUS  WASTE  STORAGE  AREA 
RICKENBACKER  AIR  NATIONAL  GUARD  BASE 

i 


ComiDound 

Water 

Solubility  (1) 

Acetone 

1000000  mg/L  (2) 

Benzene 

1750  mg/L 

Carbon  Tetrachloride 

757  mg/L 

Chloroethane 

N/A  (3) 

Chloroform 

82000  mg/L 

Creosol  ^ 

31000  mg/L 

1.1-Dichloroethane 

280  mg/L 

1 ,2— Dichloroethane 

5500  mg/L 

cis-1 .2-DichIoroethene 

3500  mg/L 

trans-1 .2-Dichloroethene 

6300  mg/L 

Ethylbenzene 

152  mg/L 

Dichloromethane 

46CX3  mg/L 

2-Butanone 

268000  mg/L 

I  Phenol  _ 

93000  mg/L 

1 ,1 .1 ,2--l*etnachloroethane 

2900  mg/L 

1 .1,2,2-Tetrachloroethane 

2900  mg/L 

Tetrachloroethene 

150  mg/L 

Methylchloroform 

N/A 

1 ,1 ,2-Trichloroethane 

4500  mg/L 

Trlchloroethene 

1100  mg/L 

Vinyl  Chloride 

2670  mg/L 

Xylenes 

198  mg/L 

(1)  Source-  Supcrfund  Public  Health  Evaluation  Manual,  EPA/540yi-86/060,  October  1986. 

(2)  mg/L-  milligrams  per  liter 

(3)  Not  available. 

REVISED  MARCH  1993 
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SUMMARY  OF  PREVIOUS  INVESTIGATIONS 
INCLUDING  1991  ANALYTICAL  DATA 
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APPENDIX  B 

PREVIOUS  INVESTIGATIONS 

1.0  1988  FIELD  INVESTIGATION 

EngineenDg-Science  (ES)  completed  the  first  phsse  of  the  field  investigation  at 
the  Hazardous  Waste  Storage  Area  (H\VSA)  in  October  1988.  The  purpose  of  the 
investigation  was  to  determine  if  the  soil  oir  groundwater  beneath  the  site  had  been 
contaminated  due  to  spills  or  leaks  form  on-site  storage  containers. 

The  results  of  this  investigation  are  presented  in  detail  in  the  Fi^^d  Investigation 
Report  -  HayardniK  Wa,ste  Storape  Area:  Rickenbacker  Air  National  Guard  ...Base, 
Columbus.  Ohio  n989\  and  the  results  are  summarized  in  the  following  paragraphs. 

1.1  SUMMARY  OF  ANALYTICAL  RESULTS 

The  soil-gas  survey  identified  with  elevated  concentrations  of  benzene,  toluene 
and  ortho-xwlene  (BTX).  Concentration  of  total  BTX  in  the  soil  gas  ranged  from 
undetectable  to  29.8  ppm. 

Analyses  of  the  soil  samples  indicated  elevated  semi-volatile  orgamc  and  metals 
concentrations.  The  characteristics  of  the  semi-volatile  organics  found  were  typical  of 
coal-tar  derivatives  and  phthalates.  Metals  identified  included  cadmium,  chromium, 
copper,  lead  and  zinc. 

Three  of  the  auger  borings  made  during  soil  sampling  were  completed  as 
monitoring  wells  in  the  shallow  aquifer.  Water  samples  from  two  of  these  wells 
exhibited  volatile  orgam'c  concentradons  in  excess  of  Federal  Maximum  Contaminant 
Levels  (MCLs).  Water  from  MWl  contained  94  /ig/1  benzene,  20  ng/l  xylenes  and  13 
/ig/l  methylnapthalene.  Water  from  MW3  contained  44  ;ig/l  trichloroethene.  Samples 
from  all  wells  had  total  unfiltered  metals  concentrations  in  excess  of  Federal  Drinking 
Water  Standards  for  arsenic,  cadmium,  chronuum  and  lead. 
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2.0  1990  FIELD  INVESTIGATION 


Tlie  phase  of  Ihe  field  investigation  at  the  HWSA  was  completed  in  March  1990. 
The  purpose  of  this  additional  field  investigation  was  to  determine  the  extent  of 
contamination  and  to  allow  revision  of  the  Closure  Plan  to  affect  a  -clean"  closure  of  the 

site. 

The  pre-closure  sampling  activities  included  soil  sampling  at  the  surface  and  at 
depth  and  the  installation  of  six  new  monitoring  wells  in  and  around  the  HWSA  (MW4 
through  MW9).  The  results  of  this  investigation  are  presented  in  detail  in  the  Prei 
rinsure  Samphna  Renort  -  Hazardous  Waste  Storage  Area:  Rickenbacker.Air  National 
Hnard  Rase.  Columbus.  Ohio  (1992),  and  a  summary  of  the  results  follows. 


2.1  SUMMARY  OF  ANALYTICAL  RESULTS 

2.6.1  Metals 

Total  metals  were  found  over  the  site  wth  higher  levels  wthin  the  fenced  area. 
Detected  above  background  criteria  were  beryllium,  cadmium,  copper,  lead,  mercury, 
silver  and  zinc. 

2.2  VOLATILE  ORGANIC  COMPOUNDS 

Volatile  organic  compounds  in  samples  from  the  0-2  foot  interval,  were  only 
analyzed  for  at  six  hand  boring  and  two  monitoring  well  locations.  The  only  VOCs 
detected  were  440,000  /ig/kg  o-xylene  at  HBl. 

Volatile  orgam'c  compounds  were  detected  at  concentrations  up  to  1,900.000 
/la/kg  in  soils  from  the  3-5  foot  interval.  Elevated  ethylbenzene  and  o-xylene 
concemrations  were  found  in  HBl,  near  Building  560,  while  benzene  was  detected  in 

AB2. 

.i  Volatile  organics  were  found  in  samples  from  the  8-10  foot  interval  at  levels  up  to 
27,000  Mg/kg  of  o-xy'lene.  The  highest  concentrations  were  found  at  ABl,  AB14  and 
MW7.  Specific  compounds  include:  benzene,  ethylbenzene,  xylenes  and  1,1,1- 

trichloroethane. 

Samples  from  the  13-15  foot  interval  containing  volatile  orgam'c  compounds  were 
found  in  the  southern  corner  and  along  the  northeast  side  of  the  area.  These  include. 
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benzene,  ethylbenzene,  toluene,  xylenes,  acetone,  trichloroeihene,  trans-1,2- 
dichloroethene,  1,1-dichloroethene,  and  vinyl  chloride.  The  highest  concentration  was 
1,000  /^g/kg  trans-l,2-dichloroethene  at  MW6. 

At  the  greater  than  fifteen  foot  interval,  sand  and  gravel  is  present  to  a  depth  of 
approximately  25’  with  a  thin  layer  of  clay  from  18’-19’.  Detected  volatile  and  semi- 
volatile  organics  were  confined  to  the  southeast  side  of  the  area.  Semi-volatile  organics 
were  found  only  at  MWl  at  a  total  concentration  of  1,830  /ig/kg.  The  highest  volatile 
orgam'c  concentrations  w’ere  also  found  at  this  location.  They  were  benzene, 
ethylbenzene,  and  o-xylene  at  concentrations  of  1,900,  11,000,  and  20,000  jug/kg, 
respectively. 

2.3  SEMI-VOLATILE  ORGANIC  COMPOUNDS 

Semi-volatile  organics  were  detected  in  the  soils  at  various  depths  and  ranged 
from  non-detect  to  4,630  Mg/kg. 

2.6.2  Groundwater 

Volatile  and  Semi-Volatile  Organics 

On  the  analytical  results  map  (Sheet  6),  both  the  1990  and  1988  sampling  data 
are  showm.  The  only  semi-volatile  organic  compound  found  in  the  groundwater  was  2- 
methylnaphthalene  at  5J  Mg/L  in  MW8. 

Volatile  organics  compounds  were  detected  in  MWl,  MW3,  MW6  and  MW7, 
and  include  benzene,  ethylbenzene,  o-xylene,  p-xylene,  trichloroethene,  and  trans-1,2- 
dichloroethene.  In  addition,  four  feet  of  phase-separated  hydrocarbons  were  floating  in 
MW5.  Fingerprint  analysis  of  the  liquid  hydrocarbons  identified  it  as  a  30  to  40  percent 
weathered  gasoline  mixed  with  Jet  fuel. 

Filtered  Metals 

Four  metals  were  detected  at  all  concentrations  below  the  Federal  Drinking 
Water  Standards.  These  four  metals  were  arsenic  (found  at  2.0  to  9.4  Mg/L),  lead 
(found  at  3.1  to  14.0  Mg/L),  zinc  (found  at  5.0  to  35  Mg/L)  and  mercury  (found  at  0.11 
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3.0  1991  FIELD  INVESTIGATION 


The  third  phase  of  the  field  investigation  at  the  HWSA  was  completed  in 
October  1991.  Field  activides  conducted  during  this  investigation  include  groundwater 
saeening,  monitoring  well  installation  and  soil  sampling  from  the  well  borings,  surface 
soil  sampling,  and  groundwater  sampling. 

The  additional  sampling  was  conducted  to  fill  data  gaps  existing  after  the  original 
pre-closure  sampling  report.  Specifically,  these  data  gaps  are: 

.  The  anomalously  high  concentrations  of  semi-volatile  organic  compounds 

(SVOCs)  found  at  the  surface  soils  of  the  westernmost  comer  of  the  HWSA. 

•  The  extent  of  VOCs  previously  detected  in  the  groundwater. 

The  results  of  this  investigation  were  reported  in  the  Addendum  to  the  Pre- 
Closure  Sampling  Report  -  Hazardous  Waste  Storage  Area:  Rickenbacker  Air  National 
Guard  Base,  Columbus,  Ohio  (1992)  and  a  summary  of  the  results  follows. 

The  data  obtained  through  the  groundwater  sampling  indicate  that  petroleum 
hydrocarbon  and  chlorinated  organic  contanunation  is  restricted  to  the  area  upgradient 
and  downgradient  of  the  four  underground  storage  tanks  (USTs)  numbered  47,  48,  49, 
50.  Wells  MWl  and  MW5,  where  phase-separated  hydrocarbons  were  observed,  lie  in 
the  northern  and  furthest  upgradient  portion  of  this  contaminant  plume.  In  the 
downgradient  direction,  the  dissolved  organic  plume  does  not  extend  to  MWll  and 

MW12. 

Volatile  organic  results  of  the  groundwater  sampling  events  indicate  that 
chlorinated  organics  are  present  in  MW3  and  MW6.  The  compound^  1,1,1- 
trichloroethane  was  found  at  an  estimated  concentration  of  3  /xg/L  in  MW8  during  the 
1991  sampling  event.  This  compound  was  also  found  in  MW2  at  an  estimated  quantity 
of  2  lig/'L.  Although  this  compound  was  found  in  the  associated  trip  blank,  it  is  still 
possible  that  it  is  present  at  this  site  since  it  has  been  detected  in  the  past. 

No  groundw'ater  samples  were  collected  from  MW5  in  either  sampling  event  due 
to  the  presence  of  PSH.  In  1990,  MWl  had  concentrations  of  dissolved  benzene, 
ethylbenzene  and  xylenes;  however,  due  to  the  presence  of  PSH  m  1991,  this  well  was 
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not  resampled.  Dissolved  benzene,  ethylbenzene  and  xylenes  were  found  in  MW7.  No 
volatile  organics  were  detected  in  MW4  and  MW9. 

The  semi-volatile  organic  compounds,  2-methylnaphthalene  and  naphthalene 
were  found  in  MW7  at  estimated  concentrations  2  and  6  /^g/L  respectively. 

Groundwater  analyses  indicate  the  presence  of  total  metals  in  the  water  samples; 
however,  the  filtered  aliquot  analysis  showed  a  decrease  in  metals  concentrations. 
Therefore,  the  presence  of  metals  is  associated  with  the  silt  suspended  in  the  water 
sample. 

Four  metals  were  detected  in  filtered  groundwater  samples,  all  at  concentrations 
below  the  Federal  Drinking  Water  Standards.  These  four  metals  were  arsenic  found  at 
2.9  to  12.1  /ig/L,  copper  at  3.1  to  6.2  iig/U  lead  at  1.9  to  7.7  A^g/L,  and  zinc  at  3.7  to  20.1 
Mg/L. 

Soil  Results 

Five  of  the  ten  surface  soil  samples  were  collected  at  the  fenceline  surrounding 
the  site,  the  remaining  five  from  locations  off  site.  One  sample  (SS3)  was  collected  in 
duplicate.  All  surface  soil  samples  were  analyzed  for  SVOCs  and  the  priority  pollutant 
metals. 

Samples  with  no  detected  SVOCs  are  SSI,  SS2  and  SS7.  Samples  SS3,  SS9  and 
SSIO  have  the  highest  total  SVOC  concentrations,  1108,  2250  and  977  /^g/kg 
respectively.  The  SVOCs  detected  can  be  classified  as  coal  tar  derivatives. 

Metals  analysis  from  these  surface  soil  samples  were  compared  to  background 
levels  that  were  established  for  the  Base  during  the  Site  Investigation  for  the  Installation 
Restoration  Program.  Detected  above  background  criteria  were  arsenic,  cadmium, 
copper,  lead,  m'ckel,  silver  and  zinc. 

Soil  boring  samples  were  collected  from  two  depths  (3  to  5  feet  and  13  to  15  feet) 
in  each  of  the  three  soil  borings.  Each  sample  was  analyzed  for  SVOCs,  VOCs,  and 
priority  pollutant  metals.  SVOCs  were  not  detected  in  either  of  the  two  samples  from 
MWIO  and  MWll.  The  soil  sample  from  the  13  to  15  foot  horizon  of  MW12  had  a  total 
semi-volatile  concentration  of  1569  Aig/kg  although  no  SVOCs  were  detected  in  the 
shallow  soil  sample  (3  to  5  feet),  or  in  the  groundwater  sample  from  this  well.  These 
compounds  are  coal  tar  derivatives. 
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No  VOCs  were  detected  in  the  soils  from  borings  from  MWIO,  MWll  and 
MW12. 

Metals  analysis  from  the  soil  samples  obtained  from  the  soil  borings  were  also 
compared  to  the  background  levels  for  the  Base.  Detected  above  background  criteria 
were  arsenic,  beryllium,  cadmium,  chromium,  copper. 
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GROUNDWATER  SURVEY 
RICKENBACKER  ANGB.OHIO 


1.  iNrmoDUCTlQM 

Engineering  Science  (ES)  requested  that  John  Mathes  &  Associates,  Inc.,  (Mathes) 
perform  a  groundwater  survey  at  the  site  located  at  Rickenbacker  ANGB,  Ohio. 

The  purpose  of  this  survey  was  to  evaluate  the  potential  presence,  and  estimate  the 
extent  of  impact,  of  volatile  organic  compounds  (VOCs)  at  the  above  mentioned  facility.  This 
suivey  was  performed  by  obtaining  and  anaiyzing  groundwater  samples  on  site. 

Mathes  arrived  at  the  facility  on  October  7,  1991.  Groundwater  sampling  was 

performed  from  October  7  to  October  9,  1991. 


2  SUMMAKi: 

Samples  were  analyzed  for  the  following  chemicals: 
0  benzene; 
o  ethylbenzene; 

0  m&p-xylene; 
o  o-xylene; 
o  toluene; 
ft  frirhloroethvlene;' 


The  analytical  results  are  summarized  in  Table 
being  prepared  by  ES. 


Site  maps  with  sample  locations  are 


3  .9AMPUN(^  I  pOATlONS 


Groundwater  samples  were  collected  on  site  at  locations  suspected  by  ES  to  be  impacted 

wim  VOCs.  sampling  locations  were  selected  by  ES  ^ 

obtained  by  ES,  the  location  of  underground  utilities,  g 

''“'“sampfing  locations  ware  mapped  by  ES,  At  the  request  ol  ES.  a  sampling  location  map  Is 
not  included  in  this  report. 
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GROUNDWATER  ANALYTICAL  RESULTS 
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riROl  INDWATER  SAMPUNG  AND  ANALYSIS 


Twenty  one  groundwater  samples  and  three  duplicate  groundwater  samples  were 
collected  from  17  locations  using  the  RECONSM  System  equipment.  Samples  were  collected  from 
a  depth  of  16  to  24  feet.  Analytical  results  for  the  groundwater  samples  are  presented  in 

Table  1.  • 

A  hydraulic  probe  unit  was  used  to  drive  and  withdraw  the  groundwater  sampling 

probes.  A  hydraulic  hammer  was  used  where  necessary  to  assist  in  driving  probes  through 

unusually  hard  soil.  The  probes  consisted  of  three-foot  lengths  of  0.75-inch-dlameter 

threaded  steel  pipes  with  detachable  drive  points. 

After  the  probe  was  inserted  into  the  groundwater,  the  probe  was  withdrawn 
approximately  one  foot  to  create  an  annular  space  from  which  to  collect  a  representative 
sample.  A  check  valve  attached  to  a  length  of  polyethylene  tubing  was  inserted  through  the 
probe  Into  the  water  table.  The  sample  was  collected  in  the  tubing,  the  tubing  was  pulled  up, 
and  the  water  in  the  tubing  drained  into  a  40-milliliter  (mL)  glass  vial  sealed  with  a  Teflon- 
lined  septum  screw  cap.  The  sample  was  given  to  the  GC  technician  for  on-site  analysis. 

A  Hewlett-Packard  Model  5890A  Series  11  gas  chromatograph  (GC)  was  used  for  the 
analysis  of  groundwater  samples.  Compound  separation  and  detection  were  performed  using  a 
30-meter  wide-bore  DB-624  volatile  organic  column  and  a  flame-ionization  detector  (FID). 

Appendix  A  contains  the  GC  field  work  sheets. 

The  groundwater  samples  were  analyzed  by  modified  U.S.  Environmental  Protection 
Agency  (USEPA)  Method  601/602.  Modifications  include  use  of  a  FID,  a  static  headspace 
analysis,  single-point  calibration,  and  limited  quality  control  measures. 

Each  sample  vial  was  shaken  for  two  minutes  and  heated  at  70°  C  for  10  minutes  to 
equlibrate  the  volatile  components  between  the  liquid  and  the  air  in  the  vial.  An  aliquot  of  up  to 
400  microliters  of  the  headspace  was  collected  by  inserting  a  syringe  through  the  septum  of  the 
vial  and  pulling  the  headspace  sample  into  the  syringe.  The  sample  was  then  injected  directly 

into  the  GC. 

Concentrations  were  measured  based  on  an  external  standard  calibration.  Known 
concentrations  of  benzene,  ethylbenzene,  meta  &  para-xylene,  ortho-xylene,  toluene,  and 
trichloroethylene  were  injected  as  a  calibration  gas  mixture  into  the  GC.  Compound  peak  area 
versus  standard  concentration  was  used  to  calculate  sample  concentrations. 

Compound  identification  was  based  on  comparison  of  target  compound  retention  times 
with  sample  unknowns. 

Analytical  results  for  the  groundwater  sample  analyzed  by  this  technique  will  not 
necessarily  be  the  same  as  those  obtained  by  submitting  the  same  groundwater  sample  for 
laboratory  analysis.  Different  extraction  techniques  are  used  in  each  case  and,  although  method 
sensitivities  and  accuracies  are  comparable,  different  results  are  possible. 


3 


The  detection  limit  is  the  lowest  concentration  of  a  compound  that  can  be  practicably 

H  rpiative  to  the  calibration  standard.  Detection  limits  are  a  function  of  the  injection 
measured  relahve  to  ,3  ealcuiated  from  the  current 

compounds,  was  1  microgram  per  liter  (ug/L). 
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5  QUAlfTYCCmRg 


Quality  control  Is  an  essential  part  of  an  analytical  test  methodology.  Quality  control 
procedures  increase  the  confidence  in  the  anaiyticai  results  and  are  used  to  evaluate  the 

reproducibility  of  the  data. 

The  GC  was  calibrated  using  a  known  concentration  of  each  of  the  target  compounds  of 
interest  at  the  beginning' of  the  day  before  analysis  of  any  sampies.  The  USEPA  recommends 
instrument  calibration  be  performed  at  least  once  every  12  hours.  The  calibration  helps  to 
evaluate  the  operating  conditions  of  the  GC. 

A  chromatographic  system  blank  is  analyzed  every  10  samples  as  a  means  of  indication 
that  sample  carryover  has  not  occurred.  If  sample  carryover  has  occurred,  the  concentration 
detected  in  the  system  blank  can  be  subtracted  from  any  of  the  subsequent  samples  containing 
that  compound.  A  probe  rod  blank  is  analyzed  prior  to  sample  collection  to  ensure  that  rods  are 

free  of  contamination. 

A  duplicate  sample,  which  is  a  second  volume  of  soil-gas,  groundwater,  or  soil  collected 
from  the  same  sample  location,  is  analyzed  once  every  20  samples,  or  at  least  once  daily  for 
each  survey.  Three  duplicate  groundwater  samples  were  collected  at  Probe  Holes  PH-2,  PH- 
14,  and  PH-20.  Duplicates  are  used  to  evaluate  the  reproducibility  of  the  analytical  data.  The 
analytical  results  for  each  of  the  respective  duplicate  samples  collected  at  Probe  Holes  PH-2, 
PH-14,  and  PH-20  were  within  the  specified  limit  of  plus  or  minus  20  percent. 
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Appendix  A 

Gas  Chromatograph 
Field  Work  Sheets 
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Gas  Chromatograph  Plots 
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ug/L  HRliE 
.000 

.000  INT .  STD. 

TOTP.L  fiRER=  170366 
liUL  FRCTOR“ 2 .50006-01 


ESTD-RREfi 

RT  TYPE 
■  .698  PB 


RRER 

70913 

99953 


UIOTH  CP.L3 
.061 

.089  3R 


gppa  ua/L  Nfll'lE 

1  i3.0000E*00  TOTRL  HVLEHES 


+  OP  a  7 


DEFAULT  SAMPLE  INFORMHTIOU 

USE  SAMPLE  TABLE  IH  MAMUAL  RUN  CV/H*3 : 

I  STD  AMT  C0.00O0E+0O  D: 

SAMPLE  AMT  C0.0G00E+00  3s 
MUL  FACTOR  C2.5000E-01  3: 

RECALIBRAT lOM  CY/H*3  : 

NAME:  GU-02D 
REPORT  MEMO;  PH-02 


r  1  a 


OCT 


Pljntt 


r?'3i 


12  : 


SP.tlPLE  HRIiE:  GU-02D 
PH-G2 

SIGNfiL  FILE:  B  :  Q362DDBC  . BHC 
tlrlTHES  RECOH  riULTIHEDIfl  RHflLVSIS 


ESTD-flREfl 

RT  TYPE 
.700  PU 
2.826  PB 
n  . 207  'JP 


P.REfl  UIOTH 
68t09  .059 

85853  .082 

5233  .155 


CRLtt 

ijg.''L 

.000 

3R 

.000 

.000 

HRME 
I  NT  . 


TOTRL  fiRER=  159555 
MUL  FfiCT0R“2  .5000E-01 


STD  . 


GRP  a 
1 


ug/L  NRME 

0.0000E+00  TOTAL  XYLENES 


+  OP  S  7 

OETRULT  SflriPLE  IHrORnflTIOH 

USE  SAMPLE  TABLE  I H.. MANUAL  RUN  CY/H*D 

ISTD  AMT  E0.OeCGE+e0  D: 

SAMPLE  AMT  CG.G00GE+00  I'- 
MUL  FACTOR  C2.50G0E-G1  I’- 
RECALI BRAT  ION  CY/N*:  : 

NAME:  GU-03 
REPORT  MEMO:  PH-Q3 

#  RUN  tt  8  OCT  7,  1981  1^:07 

START 


RUliS  3  OCT  7.  1931  H:07:U3 

satiPLE;  i-rariE:  i5U-03 

PH-03 


SIGHRL  FILE:  B : Q362F008 .BHC 


MRTHES  RECOH  IHJLT IliEDI fl  RHflLYSIS 


ESTD-RREfl 

RT  TYPE 
.705  PU 
.833  I".' 

2.355  PB 


RRER 

UIOTH  CRLS 

83711 

.062 

6755 

.062 

87170 

.090  3R 

TOTRL  fiRER=  177536 
nUL  rRCT0R=2 .50B0E-01 


ug/L  HRI-IE 
.000 
.000 

,  0G0  I  HI  .  STD. 


ug/L  HfiliE 

0.000QE+00  TOTAL  XYLENES 


GRPJt 

1 


u  r' 


DETRULT  SP.HPLE  I  HFOPUhT  I  om 

USE  SAMPLE  TABLE  IH  MANUftL  RUN  CY/H*D 


ISTD  AMT  CQ.GB09E*i3G  2- 
SAMPLE  AMT  C0  .0000E+Q0  3 
MUL  FACTOR  C2.5000E-G1  3 
RECRLIBRRTIOH  CY/N*D  : 
NAME:  GU-Q-T 
REPORT  MEMO:  PH-G4 


RUNS 


1  f! 


OCT  7,  1951  15:35:13 


SfinPLE  I'lflllE :  6U-0'1 

PH-G-1 

SICNRL  FILE:  B  :  Q3630‘1B2  .  BNC 
HflTHES  RECOH  11ULTII1EDIR  RNfiLYSIb 


TO-RRER 

RT 

TYPE 

fiPER 

t  /  ^ 

PB 

109018 

•  1  ^  w 

.865 

BB 

6165 

.993 

BU 

196771 

1  .055 

UU 

50451 

1  .175 

UP 

16644 

1  .30“^ 

PU 

342242 

1  .385 

UU 

112840 

1  .^70 

UB 

97149 

1  .670 

BU 

165499 

1  .729 

UP 

108061 

2  .060 

PU 

425747 

2  .263 

UB 

1761999 

2  .675 

PU 

3987 

2  .3^3 

UU 

817443 

3  .2‘12 

UU 

745023 

3.385 

UU 

1091792 

3 . 6'^5 

UU 

116104 

3  .885 

UU 

449209 

^  .292 

UU 

190415 

‘I  .476 

UU 

62069 

^  .681 

4  .820 

5  .201 
5  .^83 
5  .623 

5  .760 

6  .130 
6  .330 
6  .610 
6  ,86-0 
~  .263 

.670 
.89^ 
.  ^  30 


( 

7 

7 

3 

3 

9 


.20^ 

.5^-1 


UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UU 
UP 
PU 
,  UH 


20031 

67t72 

5  0  6  2  T 

61399 
65131 
8^  ^55 
23627 
69667 
69522 
6^.3-^4 
120983 
^20t3 
SS86*T 
169007 
33319 
35276 


TOTRL  RRER  =  79'^'^^tS 
'  I-IUL  FRCT0R=2  .6600E  +  00 


3R 


UIDTH  CRLH 
.021 
.025 
.029 
.029 
.0^5 
.0^1 
.0^2 
.039 
.053 
.050 
.105 
.085 

.070  2 
.118 
.09-1 
.116 
.111 
.123 
.129 
.120 
.182 
.1^5 
.133 
.13S 
.131 
.1^9 
.1S3 
.  1  ?1 
.Ib-i 

.  1  b  3 
.  2  3  Z 

1  c 

.  i  • 

.333 
.190 


NRI-1E 


TCE 

IHT 


STD 


T^/^< 


.000 
123  .556 
.000 


CTHYLBEHZEHE 

rr\^P- 


0-XVLENE 


GRP« 

1 


ug/L 
^  .0956E+O2 


liRP.E 

TOTRL  ■/.■.'LEHES 


OP  a  7 


DEfflULT  SfiUPLE  I HFORUFiT ION 

USE  SflriPLE  TABLE  IN  HP.NUP.L  RUM  CV/N*:  : 

I  STD  RUT  CO.OOOOE  +  OG  0: 

SRMPLE  fll1T  C0.eGO0E+00  3: 

HUL  FACTOR  Ci.G00OE+01  D?  .25 
RECRLIBRRTIOH  CY/H*: : 

NAME:  BLANK- 03 
REPORT  MEMO:  PH-B5S 


*  RUN  « 
START 


12 


OCT  7, 


1991  16:2‘T:'?8 


puna 


12 


OCT 


7  ,  1  ’?  9 1  1  6  :  2 1  :  'i  3 


SftHPLE 
SIGHRL 
naiHES 
HO  RIJN 


NfillEt  BLfiNK-03 
FILE:  B : Q3G51051  .BHC 
REICON  MULTIMEDIfi  fiHR.LYSIS 
PERKS  STORED 


DETflULT  SfiUPLE  I l-irORIIfiT  I  ON 

USE  SRUPLE  table  in  IlflNUflL  PsUN  CV/N+3: 

ISTD  AI1T  C0 -BOeOE+GQ’ 0  : 

SRUPLE  RMT  CQ.GGGGE+QG  D: 

I1UL  FACTOR  Cl  .0GGGE  +  GQ  D: 

RECRLIBRATIOH  CWN^D  : 

NRI1E:  RT-Gl 
REPORT  I1EI10: 

*  RUN  3  1-T  OCT  7,  1991  16:19:03 

START 


Sf=il1PLE  NfiMEs  RT-Ol 

SIGNfiL  FILE*.  B!Q36316'30 -BHC 

nfiTHES  RECON  nULTIMEDIfl  fiMRLYSIS 


ESTD-RRER 

RT 

TYPE 

.873 

SHB 

1  .965 

PB 

2.169 

BB 

2  .595 

PB 

2.805 

PB 

3  .918 

PB 

1  .857 

PB 

7.271 

PU 

7.681 

UB 

9 .173 

PB 

fiREft 
27031  -10 
71033 
330730 

3301 1 
298'^G2 
57S3S 
313070 
3293^6 

r  T  c  1  *7  ] 


UIOTH  CfiLtt 
.031 
.05G 

.052  1 

.058  2 

,072  ^  R 

.082  ^ 

.101 

.137  5 

.1^3  6 

.1G7  7 


ug/L 
.000 
.000 
^  66  . 685 
'IBS  .019 
.000 
•^59  .967 
.000 
508 .130 
529  .990 
510  .281 


TOTRL  fiREfi='2  .9923E+07 
nUL  rfiCT0R=l  .86005  +  00 


GRP  a 
1 


ug/L 
1 .07O3E+03 


HP.ME 

TOTRL  SVLEHES 


HRP.E 


BENZENE 

TCE 

I  NT  .  STD  . 
TOLUENE 

ETHYLBENZENE 
M&P-HYLENE 
0- XYLENE 


OEFRULT  SftHPLE  IlirORlIRTIOM 

USE  SflIiPLE  TP.BLE  IH  URNURL  RUN  CY/N+D  = 

ISTD  firiT  CQ  .6Q&QE*0'i'  3: 

SRI1PLE  fillT  C0.0'30GC+0G  3: 

MUL  fflCTOR  Cl  .0OOOE  +  G0  3:  .25 

RECfiLIBRRTION  CY/N*3  : 

NflllE:  BLRHK-0^ 

REPORT  MEMO: 

*  RUH  tt  15  OCT  3,  1931  87:16:05 

STRRT 


Closing  signal  i'ila  B  :  Q36EE1 1-7  .  C-NC 


.  J 


puiia 


15 


OCT  8,  1881  0?!l5: 06 


SftllPLE  HfinE: 

SIGMAL  riLEl: 

nftTHES  RECOM 

HO  CfiLiB  PEAK 
RREftX 

RT 

.S'}? 

TOTAL  AREA* 
tlUL  FRCT0R=2 


BLRHK-O'} 

B:Q3b3El37  .BHC 
nULTinEDIR  RNALVSIS 
:.S  FOUND 

area  type  UIOTH 

10106  BU  .1^1 

loies 

.500GE-01 


fiREA:^: 
25 .00000 


DCrfiULT  SfiUPLC  I  urOF.I  lAT  ICH 

USE  SfillPLC  TABLE  III  IIAtiUAL  RUH  CY/li*D 

ISTD  AMT  E0.9OQ0E  +  G0  I’- 
SAMPLE  AMT  C G  . SGOOE* 00  0  = 

MUL  TACTOR  C2.S0OGE-Oi  0: 
RECALIBRATIOH  EV/N*D  •• 

NAME:  BLANK- 05 
REPORT  MEMO: 

*  RUH  8  IS  OCT  8,  1991  08:05 

START 


r 


) 

cs 


STOP 


Closing  signal  -file  B  *.  QSbSECBO  .BHU 


SP.MPLE  tlflnC:  SLfiliK-'JS 
SIGNfiL  riLE:  B  :  QSSSECBO .BHC 
nfiTHES  REICOH  IIULTIMEDIfl  BHflLVSIS 

NO  CflLIB  PEftKS  FOUND 

RT  ftRElfi  TYPE  UIDTH 

733  2913  BU  .065 

■395  8552  UU  .093 

TOTAL  flREA=  li'T?! 

MUL’ FRCT0Ps=2. 50065-01 


RREA% 
5  . 

13  . 


ro 

fO  iJD 


*•  0?  a  7 

DEFRULT  SRttPLE  IHFORMRTIOH 

USE  SfiflPLE  TABLE  IN  flRHURL  RUN  CY/N*D  s 


I  STD  RMT  C0.00OOE+00  D: 
SRtIPLE  RUT  CO.G06OE+O0 
liUL  FACTOR  C2.5000E-01 
RECALIBRRTIOU  CY/H*0  •• 
NAME:  6U-05 
REPORT  riEIIO:  PH-05 


1: 

3s 


r  u  1 1 


• 


•-  I 


I  ^  X 


ij  o  :  w  *  *  T  r 


SP.MPLEI  irP.llEl!  C-U"G'5 
PH-05 

SIGNAL  FILE:  B : QBGSF 90C  .  BHC 
IIATHES  RECOH  MULTinEDIR  P.HALVSIo 

area  UIDTH  CRLa 
^67700  -OSG 
19391^  .8S6  3R 

TOTAL  AREA=  GGIGI"^ 

MUL  FRCT0R  =  2  .500GEI-01 


ESTD-AREA 

RT  TYPE 
.SSI  RB 
2.750  PB 


ijg/L  ITAt'lE 
.000 

.000  INT.STD. 


pjpr.jj  ug/L  NAME 

1  Q.0G00E+00  TOTAL  XYLENES 


RUI^.a  27 

tjftllPLE  HFiriC:  GU-IS 
PH-13 


OCT 


SIGHfiL  PILE:  B : 036^5803  .BMC 
MflTHES  P.ECOH  nULTIHEDIfl  fiHPLVGIG 


1 

1 


ESTO-fiREfl 
RT  T 
.690 
.815 

.117 
.2^7 
1  .'T03 
1  .685 

1  .980 
2 .179 

2  .765 
3 .131 
3.265 
3 .510 

3  .753 
^  .111 
-T  .328 
B  .  563 

7  .6^9 

8  .022 


ypE 

pu 

uu 

uu 

uo 

uu 

uu 

uu 

uu 

UB 

PB 

BU 

uu 

UP 

pp 

PU 

uu 

PU 

PB 

BB 


FlREfi 
1 66080 
26657 
160553 
9268 
ly'T'Tol 
22550 
87859 
88901 
^23715 
23051 -T 
132317 
191772 
6518 
^3936 
9306 
7593 
17-^65 
^123^ 
1329 


IDTK 

Cfiia 

ug/L 

.  U  ^ 

.000 

.06^ 

.006 

.072 

.000 

.069 

.000 

*  0  y 

.000 

.06*^ 

.000 

.105 

,000 

.106 

.000 

.095 

1 

167  .76-1 

.109 

r,D 

.600 

.100 

.006 

.117 

.080 

.097 

.600 

.131 

.060 

.160 

.600 

.119 

.000 

.363 

.000 

.205 

.0^19 

.600 

llfllTE 


BENZENE 
IHT  .STD 


TOTPL  fiREP.=  13^2503 
nUL  TROT 0R=  2 . 5300E- 01 


GRptf 

1 


u  g  /  L 
. -13685+ 01 


HRriE 

TOTnL  XVLEHEt; 


DCfiiLiLT  Snr.F'LC  I  lirORImT  I  OH 

!JSE  SRMPLE  TBBLEl  IH  nfllHJfiL  rUH 

ISTD  ftt1T  CO  .GOOOE  +  eO  1 
SRMPLE  RUT  CG.GOGGEl+OG  3: 

I1UL  rfiCTOR  C2.5GO0E-Oi  3: 
RECRLIBRRTIOH  CVVH^3  : 

NRIIEI:  BLRHK-'30 
REPORT  llEl'iO: 

*  RUH  a  23  OCT  8.  l'38i 
STRRT 


!U3  : 


16:00:01 


CS 


STOP 


C 1  o  i  n  Q  i  y  1  Tils  E* :  U  -*  1 5  L  O  E* .  EMS  L 


F'MI!  = 


r..  »ji\t 


Sflr.PLE  Unr'.Es  BLfiliK-06 
SIGHfiL  riLEs  BtQ3G^5C05  .BHC 
nflTHES  RECOH  liULTinEDIR  RHRLYSIS 


NO  CRLIB  PERKS  fOUHO 


RREfi^^ 


P.T 

-.3 


P.REfl  TYPE 
SZ^7  BB 


UIDTH 

.Q9S 


RREfiX 
25 .00000 


TOTRL  RRER=  53‘17 
liUL  FRCT0R=2  .S000E-01 


0?  ^ 


+ 

DEFRULT  SRi^PLE  IHFORURTIO!) 

USE  SfiUPLE  TABLE  IH  URUURL  RUH  CY/H^D: 

ISTD  AIIT  CB  .SQBOE+RR  D: 

SRI'IPLE  fi!1T  CO  .I3000E  +  C10  ]: 

MUL  FACTOR  C2.5O00E-01  D: 

RECfiLIBRRTICM  CV/H*:s 
HAhE:  61-)- n 
REPORT  HEMC:  PH-H 


*  RUN  n  23  OCT  8,  1381  16:29:02 

START 


Closing  s^ignal  file  BsQSS 


.  £:)!■: 


P' !  n  I  n 


SRIiPLE  GU-i'l 

PH-H 

SIGNRL  riLE:  BsOSG-IG^Cr  .BtJC 
riflTHES  RECON  IIULTIHEDIfl  flliflLYSIS 


TD-flRElR 

RT 

TYPE 

AREA 

UIDTH  CALU 

ug/L 

NAME 

PS 

118099 

.0'^5 

.000 

2  .786 

PB 

8722^ 

.082  3R 

.000 

•INT  .STD  . 

^  .I'IS 

BP 

5'127 

.M3 

,000 

TOTAL  flRER=  210750 
nUL  rfiCT0R  =  2  .S000E-01 


GRpj?  .  .  '-’O'"''- 

1  0.000QE+GG  TOTAL  KYLEHES 


DEThULT  SH!1PLC  IMrORIIflTlOII 

USE  SfiriPLE  TRBLE  IN  I1RHUP.L  RUN  EY/H*I  s 

ISTD  fltlT  C8  1- 

SRI1PLE  RI1T  C0.OO0OE+G13  I' 

I1UL  TRCTOR  C2.51300E-01  3s 
RECflLIBRfiTION  CY/H*3  •• 

NRMEs  GU-l-ID 
REPORT  r.EIIO:  PH-H 


*  RUN  n  30  OCT  8,  1891  10:^1: 

START 


Sfil'FLE  liPl'F:  GU-i‘1D 

SIGWRL  riLE:  B:Q?6^G5BC  .BHC 
nfiTHES  RECCiH  hULT IHEOIfl  RHflLYSIS 

ug/L  HfillE 
.060 
.000 
.000 

.000  IHT.STD. 

TOTRL  flRER=  162816 
HUL  FP.CT0R=2 .5006E-O1 


GRPH  ug/L  NflllE 

1  0.060OE1  +  O0  TOTRL  XS'LEHLb 


DCrhULT  SftllFLE  IllFORIIftT  I  OH 

USE  SfiriPLE  TftBLE  IN  IlflHURL  RUN  CY/N+D: 

I  STD  RUT  CO.O0I3BE+O0  h 
SfinPLE  RUT  C0.OO0OE+00  3* 
nUL  TRCTOR  C2.S0O0E-01  3: 

RECRLIBRRTION  CV/M+3  : 

MRIIE:  BLRHK-07 
REPORT  11  Ell  0: 

*  RUN  «  31  OCT  8,  1991  16:51:03 


1 


STOP 


C  1  0  :•  i  n  5  :■  i  3  r..5  1 


e  B : Q3616SB1  .BhC 


SLftllK-O? 


SAMPLE  P.P.ME! 

SIGNAL  riLE*-  B  !  Q36"1G8B1  .BtiC 
MflTHES  RECOH  MULTIMEDIA  AHALYslo 


HO  CALIB  PEAKS  FOUHO 


RRERX 


ARER  TYPE 
1951  PU 


TOTAL  RRER*  1851 
hUL  FRCT0R=2:  .50'30E-01 


UIOTH 

.051 


RRER% 
2S  ,00000 


+  OP  a  7 


DErftiJLT  SflIlPLE  IMFORI1RTIOM 

USE  SfinPLE  TRBLE  IH  r.RMlJRL  RUN  EY/H*3 

ISTO  RliT  C0.e8GOE+OO  D: 

SfiUPLE  RMT  EG  .GOOGE  +  eO  1 : 
nUL  rflCTOR  E2.50G0E-G1  3:  1 
RECRLIBRRTIOH  EY/H*D: 

HfillE:  RT-02 
REPORT  I1EI10: 

*  RUN  8  32  OCT  8,  1991  17:05 

STRRT 


ir 


PUti4  32 

SPllPLE  lifiilEs  RT-02 

SIGHBL  riLE:  BtQ36'^6B55  .BHC 

hbthes  RECon  iiultihedir  rhrlysis 


17 


21 


esto-rrer 


RT 

TYPE 

.870 

SBB 

1  .960 

PP 

2  .161 

PB 

2  .591 

PU 

2.805 

UB 

3.956 

PB 

1  .871 

BB 

7  .303 

PU 

7  .715 

UB 

9.215 

PB 

RRER  UIDTH 
32617792  .031 

71315  .057 

316196  .052 

71970  .059 

55025  .075 

325717  .082 

78916  .100 

375393  .137 

397295  .113 

111073  .168 


RL4 

ug2L 

.000 

.000 

1 

500  .775 

2 

506  .960 

3R 

.000 

1 

501  .931 

,00  0 

5 

510  .311 

s 

.  553  .761 

7 

551  .828 

TOTRL  fiRER=3 .1729E+87 
t1UL  rflCTOR*!  .0080E:+00 


UfillE 


BEHZEHE 

TCE 

INT  .STD  . 
TOLUEHE 

ETHYLBEHZEHE 
I'lA.P- XYLENE 
0- XYLENE 


GRP  a 
1 


•jg/L 
1  .1086E  +  03 


NRME 

TOTRL  XYLENES 


DCrfiULT  SftHPLE  InrORIlRTIOH 

USE  SfiUPLE  table  IH  IIRHUAL  RUH  CY/H+Il 

I  STD  RUT  E0  .OeeOE  +  OD  3: 

SRI1PLE  BUT  C0  .OO'30E*O0  3: 

HUL  fBCTOR  C1.'30O0E*08  3  :  .25 

PECRLIBRRTIOH  CV/H*3  s 
HRI1E:  BLRHK-eS 
REPORT  riEI10:  ’ 

*  RUH  8  35  OCT  9,  1991  07:13 

START 

— 7-IF 


2  siQnal  fil^  B  s  Ll365o21 2  , ENL 


RIJ113 


OCT  9.  19'51  07:  1:.:  21 


SnIiPLE  HfillE;:  BLftliK-OS 


SIOnflL  FILE:  B:Q3653212 -BHC 
IlfiTHES  RECOH  HULTIHEOIR  fiNRLYSIS 


ilO  RUH  PERKS  STORED 


DErMULT  Snl  lPLE  I  HF  CiPilRT  1  OH 

USE  SnllPLE  TflBLE  IH  llfiHUPL  RUH  CV/II+D: 


ISTD  fihT  CO.GOOOE+03  1- 
SfiUPLE  RUT  C0.OOi3OE*G0  3  ■■ 

I1UL  FfiCTOR  C2.5000E-01  D  •• 

RECfiLIBRRTIOH  CY/H*3: 

HRME:  BLfiNK-OeS 
REPORT  riEHO: 

*  RUM  8  35  OCT  9.  1991  08:11  ^0 

START 


RUI!» 


OCT  9,  1991  CSsli-'^O 


SftHPLE  HfiilEI:  BLfitlK-009 
SIGHflL  FILE:  B:  Q36.53FBO  .BMC 
nflTHES  RECOH  HULT ItTEOI fi  flURLYSIS 


HO  CRLIB  PEfiKS  FOUHO 


RREflX 

RT 

.820 


RRER  TYPE 
10-TS8  BB 


UIDTH 

.257 


fiREfl% 
25 .00600 


total  RRER=  10^90 

IIUL  FRCT0R=2  .5O00E-0i 


RUH» 


20 


OCT 


S,  19'?1  10:05:^3 


SflUPLE  NfinE!  GU-Cb 
PH-06 

SIGtIfiL  riLEl:  B  :  Q36'T9SC-T  .BHC 
MflTHES  RECOH  nULTIIlEDIfi  P.HflLYSIS 

ug/L  HR HE 
.000 
.000 

.000  IHT.STO. 

TOTAL  AREfl=  190289 
11UL  rflCT0R=2  .seooE-oi 


pppjj  ug/L  NAME 

1  O.OOOOE+OQ  TOTAL  XYLEHES 


ESTD-ARER 

RT  TYPE 
.689  PU 
.831  UB 
2.773  PB 


AREA  UIDTH  CALU 
36673  .062 

12709  .136 

1-T9907  .088  3R 


DEFRULT  SR! 
USE  SflriPLE 


=-LE  lUrORIIRTIOH 

TRBLE  IH  nflHUflL  RUU  CY/ll+D 


ISTO  flriT  EG  .QGOGE+iiiQ  3: 
SAMPLE  RMT  CG-OOGGE  +  OQ  1 ’■ 
MUL  FACTOR  C2.E.GGGE-01  D: 

RECRLIBRRT lOH  CV/N*3 : 

MRME:  GU-G? 

report  MEMO:  PH-G7 


CiCT  3,  1931 


10s3: 


RUH  a 


21 


RUH« 


21 


OCT 


1991  iv3:33:26 


•ifitlPLE  HflllEs  e'J-i37 
PH-07 

SIGHflL  riLE:  B  :  QBG'lGr??  .BMC 
IlflTHES  RECOH  IHJLT I11EDI  fl  fiMPLVSIS 

AREA  UIDTH  CP.LS  ug/L  HAIiE 

^5620  .065 

189196  .085  3R  .000  IMT.STO. 

TOTAL  RREA=  232816 
hUL  FACT0R“2  .S000E-01 


estd-area 

RT  TYPE 
.689  P  B 
2.77^  FB 


GRPS 

1 


ug.^L  HAIiE 

0.000GE+00  TOTAL  XYLENES 


DEfftULT  'IP. 

use  SflnPLC 


IIPLE  IMrORIiflTIOH 
TPBLE  IH  IlflNURL  RUN  CY/H*D  = 


TSTO  finT  C13.OOO0E+0Q 
SfiUPLE  P.!1T  CO.OOO0E+00  3: 
I1UL  FfiCTOR  C2.5000E-01  D  •• 
RECfiLIBRflTIOH  CY/H*2  : 

N fine  5  6U-i38 
REPORT  llEiTO:  PH- 03 


*  RUN  8 

START 


22 


OCT  8,  1931  12:0^:02 


OCT  8,  1881  12:W‘T:'J^ 


TSIlEs  Gu-oy 

L  FILE:  B:Q36^2'TB3.BHC 
TES  RECOM  nULTIHEDIfl  flHRLYSIS 

ug/L  MflriE 
.000 

.000  IHT  .STD 
.000 

total  area*  220803 
nUL  FRCTDR=2  .5000E-01 


jd-RRlA 

rt  type 

.717  BU 
2.807  PB 
'1. 172  PB 


area  uioth  CALJI 


11^726 

6823 


GRPa 

1 


ug/L  NA11E 

O.0000E+00  TOTAL  XYLENES 


P!JH  a 


nrFfli'LT  ^.filiFLE:  IlirORUBTinn 

USE  SfiflPLE  TftBLE  IH  nfiMURL  RUH  CV/H-^3  = 

ISTO  RUT  C0  .BOBBE-SB  D: 

SfiUPLE  filiT  C0  .0OBQE  +  I30  3: 
liuL  ffiCTOR  C2.S0B'3E-Gn  3: 

RECfiLIBRflTIOH  CV/H'**3  : 

HfinEs  t3UJ~Q'3 
report  IIEMO:  PH-03 


*  RUN  « 
STfiRT 

- - ^ir 


OCT  3,  1331  13H0S1O 


0  .700 


/ 

/ 

4 

I 


•■MB  OCT  8.  1991  -10:10 

•  fillPLE  HflilE:  GI.)-09 
PH- 09 

SIGHflL  FILE:  B:Q36'13B3C  .BHC 
HflTHES  PECOIT  HULTIHEDIfi  flHftLYSIS 


rSTD-flREfi 

RT  TYPE 
.700  PO 
2.812  PB 


RREfl 
175726 
.  161258 


WIDTH  CRLfl 
.063 

.090  3R 


TOTfiL  fiREfl=  339981 
!1UL  FflCT0R=2 .5600E-01 


ug/L 

.008 

.000 


GRPtt 

1 


ug2L 
0  .0000E+00 


HfltlE 

TOTAL  XYLENES 


HfltlE 
IHT  .STD  . 


J 


+  OP  3  7 


orfRiii  T  ^.PfiPLE  IHrORURTIOH 
uiE^SfiriPLE:  TRBLE  IH  IIRHURL  RUH  C‘./11*3  = 


ISTD  RMT  C6.OOOOE+0O  Ds 
SfiUPLE  RNT  CO.OOO0E+O0  3: 
nUL  rfiCTOR  C2.5eO0E-Ol  3s 

RECRLIERRTIOH  rv/l5*3  s 

HRi'iEs  eu-io 
REPORT  I1EI10:  PH-10 


*  RUN  H  2^ 
START 


OCT  3,  1931  1^:12:57 


RUHa 


OCT 


1001  1-T:12:57 


2*} 


S  fil  1 P L  E  H IR1 1 E  s  C’lJ  ■  1 9 
PH- 10 


SIGHRL  PILE-.  B:Q?e.^-T2Efl  .BHC 
HflTHES  RECOH  IIULTIHEDIfl  RNfiLYSIS 
ESTD-fiREfl 


RT 

TYPE 

RRER 

WIDTH  CRLi? 

ug/L  HRME 

.703 

PB 

<139862 

.063 

.060 

.969 

PP 

•19^9 

.108 

.000 

1  .280 

PU 

^523 

.10-1 

.000 

2  .308 

UB 

7^67 

.161 

.000 

2.8t5 

PB 

1^3^13 

.092  3R 

.000  INT.STD 

TOTfiL  RRER=  65521^ 

I1UL  FRCT0R  =  2 .500eE-01  ' 


BRPS  ug/L  NflllE 

1  0.0000E+00  TOTfiL  HVLENES 


nrraiILT  SBUPLE  I!^rOF:nfiTIO!l 

uir  SRUPLE  TfiBLE  IH  hflHURL  RUII  CV/tl+D 

TSTO  fiHT  C(3  .000BE1+G!0  D: 
iflUPLE  flriT  C0.O00eE-G0  0! 
nUL  PPCTOR  (12  .5000E:-0i  3: 
RECflLIBRflTIOH  CV/H*3 '• 

hrhes  GUI- 11 
REPORT  nEnOs  PH- 11 

*  RUN  tt  25  OCT  3,  1931  I*?:"!! 


2S  '-"-T 

.E  nRriE:  6U-11 
1 

iHflL  riLE:  B:Q361‘1-5?D  .BHC 
flTHES  RECOH  nULTIIlEDIfl  RHRLYSIS 


ERTO-RRER 

RT  TYPE  RRER  UIOTH  CRLa 

.6?8  PB  321823  .058 

2.815  PB  139503  .089.  iR 


ug/L  HRhE 
.000 

.000  IHT.STD. 


TOTAL  RRER=  -^bOSSl 
I1UL  FRCT0R=2  .SOeOE-Ol 


i3RP« 

1 


ugXL  HR11E 

0.0000E+00  TOTAL  HYLENES 


nrrPIiLT  SfillPLC  IHrORriHTIOH 

I'lic  sruple  tpble  in  iibnurL  run  cy/n+D: 

I?.TD  firiT  C0.BSOOE+U0  3s 
Sfll'lPLE  ftilT  CiU  .eOQSE'^SQ  3  s 
nUL  Ffl'3TOR  r2.50G0E-01  3! 
RECfiLIBRfiTIOn  CY/N*3s 
NfillCs  6U-12 
REPORT  HEi-lOs  PH-12 


*  RUN  8  26 

STRRT 
- 7=-IF 


OCT  8,  1981  I55l2s02 


RUM?* 


OCT  S,  1991  15:12:02 


sp.iiple:  nfinc:  gu-i2 

PH-12 

SIGITflL  PILE:  8:036-1501:3  .BMC 
HflTHES  RECOH  nULTIMEDIfl  RMflLYSIS 
ESTD-RREfl 


RT 

TYPE 

RRER 

UIDTH  CRLS 

uq/L 

NRI1E 

.682 

BU 

303820 

.061 

.000 

.9^8 

UU 

7-169 

.132  . 

.000 

2  .773 

PB 

113302 

.088  3R 

.000 

INT  .STD 

TOTAL  RREa=  12^591 
ttUL  FflCTOR=2.50O0E-ei 


6RPl»  uq/L  NRt-lE 

1  O.000OE+00  TOTAL  XYLENES 


PiiM  a 


+  OP  ~  7 


i 


I 


i 

I 


1 

J 


1 

1 


J 

I 

'1 

J 


DEirflULT  SBUPLE  liirORl'IRT  loll 
USE  SflUPLE  TBBLE  HI  nP.HUBL 


P.Utl 


LY/N*] s 


ISTD  flUT  C0.OOOOE+O0  3 
Sfil-lPLE  RnT  C3.eOOOE+00 
11IIL  FfiCTOR  C2.5000E:-01 
RECRLIBRflTIOH  CY/M*3 : 
NRUE;  GU-13 
REPORT  riEr.O:  PH-13 


«  RUN  8  27  OCT  8,  1391  15 -.^3: 03 


STRRT 


0  .690 
0  .9^^ 

1  .2^7 


2  .179 

2  .765 


t.  i> 


*  OP  B  7 


DETRULT  SflUPLC  I  IlfORURT  lOH 

11‘^.E  RRMPLE  TABLE  IH  HflUURL  RUN  CY,-'1T*3 : 

•  ' 


*  RUN  »  36  OCT  9,  1991  69:05:26 

START 

- :^ir 


ISTD  RMT  C0.0O00E  +  013  3* 
SfihPLE  RMT  E0  .00OQC  +  013  3: 
nUL  TRCTOR  C2.5000E-01  3: 
RECRLIBRRTION  CY/N*3: 

It  RUE:  GGU-15 
REPORT  MEI10:  pH-06 


puns 


OCT  ‘51 


19’31  y'5!05!20 


1 


1 

1 


3 

■'1. 

! 

J 


"1 

! 

J 


3b 

S  n!  1 P  L  E  H  P.I1 1 :  0  OU  -  1 5 
PH-06 

SIGHflL  PILE*.  BsOSSS-TCSS -BHC 
HflTHES  RECOH  IlULTIhEDIR  fiHRLYSIS 

HO  CFILIB  PERKS  TOUHO 
fiREfiJi 


RT 
.686 
.822 
1  .939 
2.712 
3  .725 
^  .235 
5 


flRER  TYPE  UIDTH 


172^72 

95‘T6‘T 

^312 

1^1915 

7100 

6599 

■H059 


PU 

UB 

PU 

PB 

PU 

UU 

BB 


TOTRL  fiREfi=  ^^3021 
nUL  FRCT0R=2 .50OGE-01 


.075 

.071 

.113 

.090 

.129 

.127 

.338 


RREfiX 
73272 
^^35^ 
2^333 
0  0  8  6 
■10066 
37803 
793.36 


+  OP  S  7 


DEfRULT  SfitlPLE  IMfORtlRT  1011 

USE  SRI1PLE  TRBLE  III  I1RHURL  PsUU  CV/IH3: 

ISTO  RUT  E0.OQO0E+O0  3: 

SRHPLE  firiT  CO.0O00E+0O  3: 
nUL  rflCTOR  C2.5000E-01  3: 

RECRLIBRRTIOH  CSVH+3  : 

HRI1E:  6U-16 
REPORT  HEMO:  PH- 06 


*  RUN  « 
STRRT 


37 


OCT  9,  1991  09:30sH 


RUH?» 


OCT  0,  lOOl  O-3s:.0:-T^ 


SRMPl-E  liP.ITC:  CU"lb 
PH-06 

SIGHRL  FILE:  B  :  QS6552-T6  .BHC 
nfiTHES  RECOH  HULTIIlEOIfl  RHfiLYSIS 


estd-rrer 

RT  TYPE 
.635  PB 
2  .770  PB 


RRER  WIDTH  CflL« 
78113  .059 

1 0  “T  6  2  3  .097  C‘  R 


TOTRL  fiRER=  182736 
I-1UL  FP.CTOR=2.5000E-01 


vg/L  H.fiHE 

.000 

.000  HIT.  STD. 


ORPIt 

1 


\jg/L  ITRME 

0.0000E+00  TOTAL  XYLEHES 


EffiilLT  SfltlPLE  IHrORr.flTIOll 
SE  SfiMPLE  TRBLEin  nflMURL  RU 

ISTD  RUT  CQ.0000E+00  3 ^ 

SflUPLE  fillT  CO.0O0eE-O0  D: 
lUL  TRCTOR  C2.5000E-01  ]s 
JECRLIBRRTION  EY/H+D: 
mnE:  6U-17 
!EFORT  nEnOs  PH-06 

^  RUN  tt  33  OCT  9,  199 

>TflRT 


•IF 


RUH3 


OCT  9. 


19S1  09:505^5 


33 


Sfil'.PLC  lifilTEs  GU-17 
PH-09 


SI  CURL  FILE: 


B:Q3655e.F6  .BHC 


l-lfiTHES  PECOH  nULTIHEOIfl  P.HRLYSIS 


esto-rrer 

RT  TYPE 
.702  F'B 
2.772  PB 


RRER  WIDTH  CRL?} 
1065H3  .075 

101910  .0S9  5R 


TOTAL  fiREfl=  208H53 
HUL  FfiCT0R=2 .5G0CE-01 


ug/L  HRI1E 

.000 

.000  IHT  .  STD. 


6RP« 

1 


ug/L  HflllE 

0.0000E+00  TOTAL  XYLENES 


•i.ftllPLE  IJnME:  GU-IS 
PH-06. 


SI6HRL  riLE:  B:Q3655BD3  .BHC 
IlfiTHES  R'ECOH  IIULTIliEDIfl  RHflLS'SIS 
ESTD-fiPEfl 


RT 

TYPE 

AREA 

WIDTH 

CALS 

.705 

PU 

1 1 8  S  2  S 

.079 

.550 

IJU 

9*^51 

.1*15 

2  .780 

PB 

115672 

.083 

5R 

TOTfiL  flREfl=  Z^ZSSZ 
r.UL  rftCT0R=2 .50eOE-81 


uq/L  HftHE 
.000 
.000 

.000  HIT.  STD. 


ORPa 

1 


ug/L 
0 .0O00E+O0 


NfillE 

TOTAL  XYLENES 


OCT  3,  1331 


^1 


£  HFHIC:  Gl.)-19 


iflL  riLE:  B:Q3657lSfl -BMC 
HES  RECOH  MULTinEOIfl  flHRLYSIS 


iTO-fiREfi 

RT  TYPE 
.721  PU 
2.312  PB 


RREfl  UIDTH  CRLfl 
1S7355  .071 

37062  .033  oR 


TOTAL  RREfl=  2S^M7 
I1UL  FRC.T0R  =  2  .5G00E-91 


ijq/L 

.000 

.000 


6RPS  uS^L  NAME 

1  0,G000E+00  TOTAL  XYLENES 


) 


=•  ij !  I  =  1  -  0  0  3 


NflllE 

I  NT  .  STD  . 


+  OP  » 


nrrciiiLT  ^flnPLE  IH.rOPilFiT lOH 
SsE”sflllPLE  TRBLE  IM  nfiHURL  RUN  CY/H*D 


ICJD  RMT  C0.0090E  +  CIO  3* 

SRMPLE  RUT  C0.00O0C*0O  D= 

hill  FRCTOR  C2  .0OOOE  +  00  3 :  .^5 

RECRLIBRRTIOH  CV/H*3  : 

HRMEs  6U-20 
report  MEI10:  FH-lb 


*  RUN  8  ^3 


STRRT 


r 


IF 


OCT 


9,  1991 


12:1^:56 


^3  OCT  9.  1591  12!H:S6 

^HPLE  HAtlEs  i:-ilJ-20 
H-16 

jIGHflL  riLE:  B:Q3657SC1 .BMC 
nflTHES  RECOH  hULTIIlEDIfl  fiHfiLYSIS 
.  ESTD-fiREfi 


RT 

TYPE 

RREA 

WIDTH  CflLa 

ug/L 

.698 

PB 

156165 

.051 

.000 

.958 

BB 

7752 

.071 

.000 

1  .262 

PU 

6856 

.090 

.000 

2  .19^ 

UB 

12185 

.110  1 

1  .575 

2.796 

PB 

106721 

.089  •  3R 

.000 

TOTRL  flRER=  269673 
IHJL  FRCT0R=2 .5000E-01  ’ 


jf 

;  GRP8  ug/L  HRME 

i  O.e080E+O0  TOTAL  KYLEHES 


•1 


HR(1E 


BENZENE 
I  NT  .  STD  . 


+  OP  ^  < 

DEffi'iLT  SP.IiF'LE  InrOP.nflT  I 'DH 

USE  ipUPLE  TP.BLE  IH  IIBHURL  RUH  CY/M*D  ^ 

ISTO  flUT  C0  .000OE  +  8U  3  •• 

SBI1PLE  Bl-IT  CO.00OeE+QO  3: 
nUL  TBCTOR  C2.5000E-01  3: 
RECBLIBRBTIOM  CV/M*3  : 

HfiHE:  6U-20D 
REPORT  ITEMO:  PH-16 


*  RUM  S 
STflF-:T 
- -^^IF 


OCT  .  9  ,  1991  12:  27  :  "11 


0  .962 
1  .272 


2  .200 


ISA57BBE  .BM' 


RUMS 


OCT  '5,  i3'5i  12: 27  HI 


SP.riPLE  HflriE:  GU-20D 
PH-16 

SIGHfiL  PILE:  B:QS657BBE -BNC 
riflTHES  RECOH  nULTIIIEDIfl  RHRLYSIS 


ESTD-P.RER 


RT 

TYPE 

RRER 

WIDTH 

CRL« 

ug/L 

nrue 

.712 

PB 

100928 

.068 

.000 

.962 

BP 

3998 

.077 

.000 

1  .272 

PB 

‘T^28 

.105 

.000 

2  .200 

UB 

88*18 

.115 

1 

3  .176 

BENZENE 

2.301 

PB 

87658 

.095 

3R 

.800 

I  NT  .  STD 

1  .152 

UB 

5715 

.169 

.000 

TOTAL  flREfl=  211567 

• 

MUL  rflCTOR=2.500i3E-01 


6RP3  ug/L  HRME 

1  0.00G0E^00  TOTRL  XVLEHES 


-•  J  -  ij:'' : 


P- !  ! ' I  3 


OCrRULT  SfltiPLE  I  HrOPIlRT  I  OH 

USE  SPI1PLE  TABLE  IH  MANUAL  RUN  C/zH 

I  STD  AMT  C0.OO0OE  +  OO  Ds 
SAMPLE  AMT  C0.OOG'3E*OO  2 ’■ 
nilL  fACTOR  C2.50GOE-O1  I- 
RECALI8RATI0H  * 

HfthEIs  GU-21 
REPORT  MEMO:  PH- 17 


*  RUN  n  ^5 
START 

- >-ir 


OCT  9,  1991  12H0S11 


0  .688 


0S6S7ERC  -BHi 


AIIPLE:  IIBHE:  6U-2i 
••H-17 

SIOlifiL  FILE:  e:Q3&57EflC.eHC 
I1RTHES  P.ECON  IIULTIIlEOIfl  RHflLYSIS 


ESTO-RRLA 

RT 

.633 

TYPE 

FU 

BRER 

523259 

UIOTH 

.017 

CRLtt 

ug/L 

.000 

.000 

.815 

.S'lS 

1  .251 

U'J 

UU 

UU 

21105 

88022 

71005 

.060 

.077 

.082 

.000 

.000 

.000 

1  .110 

1  .610 

1  .937 
2.186 
2.775 

UU 

UU 

UU 

UB 

PU 

11033 

58796 

68371 

179313 

275309 

.063 

.112 

.100 

.092 

.119 

1 

3R 

..000 
.000 
,  172  .029 
,  000 
.000 

3 .111 

.  UU 

255717 

.105 

.080 

3.278 

UU 

322150 

.118 

.000 

3  .526 

UU 

16869 

.118 

.000 

3.765 
1  .131 

UU 

UU 

127135 

13022 

.128 

.181 

.000 

.000 

1 .316 

UU 

8601 

.132 

000 

1 .679 

UU 

21776 

.175 

000 

5.331 
7  .068 

PB 

UU 

3101 

22007 

.118 

.263 

5 

6  .299 

TOTAL  RRER=2S7193‘T 
MUL  FRCTOR=2.5O00E-01 


GRP« 

1 


£i  .00y 


u  5  /  L 
E  +  00 


HflIiE 

TOTAL  XYLEHES 


HRI1E 


BENZEHE 
IHT  .  STD  . 


ETKYLBEHZEHE 


^  0  P  H  V 


DErfinLT  SRriPLE  IHFORriRTIOH 
USE  SAMPLE  TABLE  IN  MAMURL  RUU 


ISTD  AMT  CQ 

SAMPLE  AMT  Ci3.O000E  +  O0  3  = 
I'lllL  PACT  OR  C2  .50O0E-‘31  1‘- 
RECALIBRATIOH  CV/H*3*- 
NAME:  BLRHK-10 
REPORT  MEMO: 


4  C 


fiHT 


9.  1991  12257:13 


RUHa 


QCT  9,  1991  12:57:13 


SfitiPLE  HfillE:  BLflHK-10 

SIGIIflL  riLE:  B:Q36532fifl  .BMC 

naiHES  RECON  IIULTIHEDIfi  RNfiLYSIS 

MO  CfiLIB  PERKS  FOUND 
RRER^ 

RT  RRER  TYPE  WIDTH 

.773  T-TSS  PB  .112 

TOTAL  flREfl=  7^86 
nUL  FflCT0R=2 .5000E-01 


RREfiX 
25 .00000 


DEfFlULT  SP.1IPLE  IlirORMflTIOU 

USE  SfiliPLE  TABLE  IH.nRHUfiL  RUH  CY/IHD 


ISTD  AMT  C0.OeQOE+OO  Ds 
SflriPLE  RMT  C0  .C1130GE  +  0CI  D: 
I1UL  rflCTOR  E2.5000E-01  3'.  1 
REChLIBRATION  CY/H*D: 

HAhE:  PsT-03 
REPORT  I1EM0:_ 


*  RIJN  S  17 
START 


OCT  9,  1991  15:03 


Runs 


■=17 


OCT  9,  1991 


1 3 : OS : 1 9 


srufle 

SIGNfiL 

riRTHES 


nfiHE:  f:t-03 

riLE:  B:Q3-6585-T^  .BHC 

RECON  nULTIMEDIfl  RHfiLYSIS 


ESTD-RRER 


RT 

TYPE 

AREA 

UIOTH 

CRLil 

ug/L 

NfillE 

.875 

SBB 

SBSiBTO-T 

.032 

.000 

1  .97-T 

PB 

818^8 

.059 

.,  0  0  0 

2 .180 

BB 

33592'! 

.05'! 

1 

•182  .262 

BENZ.ENE 

2  .813 

BU 

81725 

.061 

2 

17^  .573 

TCE 

2  .825 

UB 

32022 

.076 

3R 

.000 

I  NT .  STD  . 

3  .985 

PB 

33^276 

.035 

'SSo  .932 

TOLUENE 

^  .908 

PB 

73^71 

.103 

.000 

7  .352 

PU 

386095 

.I*!! 

q 

1  <12  .059 

ETHYLBENZENE 

7  .787 

UB 

•715050 

.l'!7 

6 

.  •TIG  .59*1 

nap- XYLENE 

9  .276 

PB 

‘T38869 

.171 

7 

’  T27  .55T 

0- XYLENE 

TOTRL  RREfl=3  .3115E+07 
I1UL  FRCTOR=i  .eeesE+oo 


6RP8  ug/L  NAME 

1  8.6815E+02  TOTRL  XYLENES 


n  ?  -  H  i“l  5 
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APPENDIX  C 


SOIL  BORING  LOGS,  WELL  INSTALLATION 
DIAGRAMS,  AND  CPT/LIF  DATA  SHEETS 


L:\45025\report\append.doc 


CL  6RH,SILlYClPyi!/IRIiCEIlfGRIlVEL,SllHP.0l!y 
DRHR 


HOIST 

HOTTLED,  C8RH-RED  ORH-GRT)  lll/SOHE  GRAVEL, 
SAHP. HRS  SLIGHT  HYDROCARBON  ODOR 

BRH,  HO  HOTTLIHG.VY  HOIST 


STUM  PEKERqnOH  TEST 
SS  =  SPLIT  SPOOK  fi  =  fiUSERCUTTIKSS  C  =  CORED 


CH 

BRK-GRY,  SANDY  SILIY  CLRY  Ul/SOHE  GRRYEL,  SRHP. 
YY  MOIST 

CL 

BRH,  SILTY  CLAY  ll)/SOHE  SAHD  AHO  GRAVEL,  SAHP. 

VY  HOIST 

Sllj 

GRY-BHT,  F-HED  SRHO.  SAHP.  WET  AHD  HAS  SHEER  OH 
WRTER 

SlU  . 

RED  BRH.  GRRYELLYCO.SRHD,  SRHP  JET 

SOJ 

GRY-UJHT,  MED.  SRHO,  SRHP  JET 

2PT STICK-UP ; 
2IH.DIfiPVC  I 

RISER  I 

CEHEHT/  I 

BEHTOHITE  j 

GROUT  ! 


2FT BEHTOHITE • 
PELLET  SERL  . 


SRHO  PRCK 


lOFTHIELL 

SCREEN 


ISM.MPEXETOmOKIIsr 


SUHHflSr 


ENGINEERING  SCIENCE 
DRILLING  RECORD 


SDIL  DESCRIPTION 


UJELLOESIGH 


BRH.  SILIY  CLfiY  PI/TRflCE  OF  SflHD  fiHO  GRfiYEL.  SRHP. 
HOIST 


SRHEfiSRBOVE.  SRHP.  VY  HOIST 


BORING  flOGEREO  TO  15FT 


COHHEHTS 


OTEC 

SING 

CK 


SMRDPiKEmifTIOXnST  SUHHRRY 

SS  =  SPLIT  SPOOK  ll  =  RUO[RCUniXGS  C  =  CORED 


uaLOEM 


COHHENIS 


_ 
Ui  t  ! 

T\\\  < 

Ittit 
>  w  \  ’ 

rut 
,  \ \\' 
It  ti  $ 
i  1  >  w  ^ 
l/ttt 

T\\\  < 

Itttt 
1  \\\' 

\t  1 1 1 

l\\\’ 

It  t  ft 

Twm 
Ittn 
1  \  \  t ' 
1 1 1 1 
J  WV  ' 
Itttt 
\  A \\ \ ' 

tttttt 

\  ' 

\t  tti  1 1 

\\> \\ 


PROTECnVE 
CRSIHG  RHO 
LOCK 

■2FTSnCK-l 

2IH.0IRPY: 

RISER 

CEHEHT/ 

BEHTOHITE 

GROUT 


2FTBEHT0Hr 
PELLET  SERL 


SRHD  PR 


IIELLSCREEF 

lOFT 


SIELL  sift 
18FT 


^  ^ 


Htv.  0*TC- 

roring 

Pfojeel  No..  •  03  J - - - - ^  W  -  ^'y^-trc  Driller;  /?  I’^'r  , 

HAZWRAP  Conuoclor.  g-^  -  ,  ,  /  ,  .>  ,  r  9  -OO  ..ml  Borehole  diots):  4 _ 

- - - - ]  7i  ^  i  ^  Am)  Df  g  Ended:  y-x^/S'u  y  ^  — U - - - - - - 

0,10  stoned:  l/^^/90  (  -  m)  I  - J  J  /  CT-^  ^ 

Prig  Melhod/Riq  Typt.  )-|ollr>.— >  ^  ^  ^  ''  j  Proteclion  Level;  ^ 

Locoed  oy:/1/*i  P,a  Log  ( - - - 


L  Z-.  A  T  H  ^  r  o  ton  sS' n  f  r'7  cj  • 
\Strar\^  odocT, 


Y' 


V. 


.  /O  o  ooi-or'.S'. 
^  o<'S 


B  r  V.  A  T  C  • 


j  AH  •  9  a  » 


Driq  ConlfoclOf:  -f- 


Pfig  Ended: 


BQRING/WELL  no.: 

r  k-  .»>-  - 

Clienl/Projecl; 


Siie:  /^ui^sA _ 


!2:  ^  ^  06/  r 

/  -  ^  r 


Onller:  ^ 


f<i'c.  ocLor-T. 


^/-o  ^  O’  ^  ^  y' .  yi/ o  o  c^o  /V*. 

X  tf* 


'  I  I  fn  ^  <A  » \J  ^  ^  Q.^  \j 

^r‘a-V'c./^  ^o^<s.t^,  /\J  0  . 

“J*7  /  /  tr«.»-or\ 


.,olv  ir^^r,  C- 

Q  I  Nio  oAor 


5:K3  c>:r!Ni\ 


J  •  M  c^cc^yj  <2.  tx  n  c^  y  ^  ’’^  |^  | 

<^e.“f.  I 

-T^c?  /x/.  <^A/'fy 

cAy  c9 


CriXin<r(y  ^r-CKv'C./  -tf-^ 

o?0  •  ^oar^c  4’o.nc^y  ra.^<c- / 

crc/o^  ciLO^-  c^j\  y\J^  oo/o/’“P. 

Tf", 


T”.  /  I  c^  <“ A  •-»  y  Cj  <2-  /  . 

A*^o  Ca^  • 


U  s  Thin  wo II  lube 
S  =  Split  »  poon  (tube) 
C  =  Cuttings 


R  =  Rock  coring 

0=  Other - 

Notes:  - - 


Field  G/C  (Moke/Mod.) 
G/C  Opcr.:^ - — 


-^r\0\K\r^  I  Q  I  RORING/WELL  NO.:  -  H  ^  - — 

B0RING__ _ -L^ - -  7^  /2  |s.’»:  //^Jo 


PfOjCCi 


No.:  3 


Driller:  O.  CO<^»  c 


•  Qi.^S  ^  J - - - - -  ^  ^/T  ^/  -  r  Zy-rr^l  Urnic.-L^.  ■ 

- - - ^  ^  V  ^  Drlq  Conifoctor.  |  Mc^-cAc^  .  - - -  J7 

Conlrocior:  E. -4l!2 — :-i - - - 7;  Vn  f  I  r  n  Borehole  dio(s): 


WA7WRAP  Conlrocior.  ^  - - 777777777^  o  (  l5:2>^^rn) 

- ;: - .  ..  ,/-  S/PO  (  iM  :t>0  A  m)  1  Drlq  Eroded.  4.3.^  7^0  VJ - - 

Dflo  Storied,  /**-  / - - - - - -J—  7  /•  "^ 

-  .  .....--/n;„  Tvo»-  u„iie>L.j  - ‘- - 


Prig  Melhod/Riq  Type:  |-jolloi^ 
LoQoed  py:<^0  .  — I 


(Y/C0 


,v\  '' 


lilholooic  DeiCfiplion 


.  V, 

•Vl;  ^  0 

m  9  h) 


^  ^y~OC*Jrl  ^  OT^  m  oc/o/^^ 


1  Proicclion  Leve 


I  vC'  6® 


ts^t-  T 


0  s  ^4.^r  -  ^ 


\  A  6  / c 


/c  o  o 


T-'JJv)  .,0  -  -<>  -^CT^v 

''  /-^c/.r  •J^’. 


>>  '”0'^  G>rc.^^\.  -  h.-o^.■^  ,  C3-n.o-<.y 


Sj  ^  oeior'jc.  tO-e.'fc. 

^  _  0  C:i>r<sv-e.  I  •“  Jjr-otO’^  ^o.'^  eCyJ ) 

^  C^-«.Y  -=.l+v  ^<.6 

'v  ^  g  Q  Oo  atLaCZ. 

^  :  5[  ^  (^n^vel  - 

oJorj.  c>J«*t‘. 

V  o  0  '£  ^  •crc..^*^y 

tX  jPJ-cCo>.S‘'  sr./ty 

">  3  q:  0  f.  \  <‘/\m./c.  eP-2.s'—^i>.e>^.  cJc.'rf: 


t%.6  ■■  1°  • 
oL\J ,  o 


i  o-.  /t^V  c/^ 

^  0  ^ 


ro  =  ^s' 


c^y  ,  -K. 


U  "  Thin  wo  II  lube 
S  =  Splil  ipoon(lube) 
C  =  Cut  ling i 


R  s  Rock  coring 
0  =  Other - 


Field  G/C  (Moke/ModJ . 
G/C  Oper.: - 


iCv.  QATC:  J*** 


■RfTRTi^  LOG  boring/well  no.:  x*<g’-AW-  ^^5' _ 

- - !  I  j  /3.  I  Sit  c  I  vS  _ 

tnsloHo^io^-  K  ic  k.  c  r^b*>-c  k  ^  r  ^  _ _ — - i - - - - - 

pfoieci  K'o.:  C/.M5a  •  Cl  ^  I  Clitni/Pfcieci:  /  /V<-.  ~- <»■  ^  >  •_ - - 5^ 

■\.,-,u/D«o  Coni, odor:  CT.^  I  D>l0  ConUoclor/T.  yic.-6A<s  I 


-- 


HA2WRAP  Coniroclor:  g*.^  “oC.  ung  uon.iu.,.w..  ^  - -.u: - ^ 

-^;;7Ti^7T7^r^/-^<  -Z  ,3.0  ^'n>)  I  //  I  Borehole  C,o(s):^: - 

Dfig  Meiho(J/Rig  Type:  }-/„llo,^  s~fc-e  »'>^  c-oe^gf  /  - \SiOOO^  /  ^  - - 

- r-— — - ;;: -  rrTZTiTI^  efim  _  lo  - 1-  I  PfOleclion  tevel:  ^ 

Lc05c«^ 


£-log{y/(S)  ^rom  ^ 


Liihologic  Description 


tf“0* — *n  <z  i  /"^V  • 

c^/^r  »  7 

yv Cf  oo^t>y j*. 


I 


*  '  yO  K  J  6  ^  •  <s  ^  J  * 


O  yn^ 

}s  C^^;' 


/^e>> 


-/ . 


^  C^S 


'  Aj)t>  ectorc. 

A  ^  —  A<"eion  CSa.r>c(.y'  , 

^  •/  *  /  * 
C:>r<^.y  cS'/T'y  C  CJ  ro»“*^  / 'S 

0  \  Oo  odori,  CO^”^. 

^  C:=^r€Kyr^  I  ^  b  r-c  ^^1-%  C5a.nc<.y  ^  if  w 
^  =>2  C>  ( 


g  1/  «.  /  r?5  o  o  ^ 

v3^  K»  d.— bpoL— 5  ^  c  co<.//  «5’ c  r”  if'c  od  ^ 

\0  6  ^  O'rfwrN^y  r*o<^ 

ePeX  .  C<J^-6  , 


Cz>t^p<^c^l  br^cuJrl^  <jcvr>cCy  ^  ^/ 

^C.  f  (  OerTf<*r>^ 

N.  \«ox€5  \  -t^r^h  ^Aol  ^  d  ,  xC^L> 

\^cc/o/^^.  cj^  ^ . 

G>r*<\*^c  /  —  ^  y  >  ^ 


-Z/^'  cX, 


Thin  woll  tube 
Split  spoon(lube) 
C  ut  ling* 


-C^.  £?.  c.  -  «3  7'  . 


R  s  Rock  coring  - - 

0  5  Other _ _ _ 


Field  G/C(Moke/Mod.} 
G/C  Oper.: - 


-RORlNG-  - 

- - — ^  ^  Orlq  ConifOClOf :  ^  ^-;7 

HAZWRAP  Conlfoclor.  g._  |  .  ^  ) .  .  ,  .  ./i  ,  .  ^ ,  I  r„„  .nl.  d.oO):  //' 

D,u  M.i«oo/Ri5  yrrr-  ■S'^-ejZ^ - - ^'^'77 - /  I  p.oitciion  . . 

7-,i.ii  rr-^  ,-  - '° - -> - 

■  ^ 

,v.''V 

_ Lithologic  Dtienpl.en _ _ _ ^ - j - j - 


'^o 

0^0  <'S'- 

^  y  ^y~o  ^  \S  ^ 


9  tf 

c  JT  ^ 


tf  .  CTTr:--^  <5“  ^  . 

^ ^  r' ^ c/ cs^ 

_^r-^y  c/1^  (O  /^~y</si 


-TO  =  /C 


U  t  Thin  wo  11  lube 
S  =  Split  Jpoon(tubc) 
C  =  Cultinqj 


R  =  Rock  coring 
0=  Other - 


Field  G/C(Mokc/ModJ 
G/C  Oper.: - 


■rTTrTNG  log  I  boring/well  no.:  ^ 

Ins loiiolion:  R  ;.•  bc-fc  >^<r: - C,^. - - — - - 1— - ^ 

No.:c^WSJ-o3|  ^nl/Pfojecl:  . 

^  I  OflQ  Contfoctor:  ^T.  ^  ^ ^  ^ 


Borehole  dio{s):  C> 


Logged  Dy:^.C> 


Lilhologic  Descriplion 


j6^c*c^/7  ^  o 

O  t>/^^ 


0  ^CAy  ^  Ci^ y/  ^ 


'  “7^ ^  /  -o  e  .  vS" 


!  ^sS^.  ^ 

ojv  3^''/ >~’  ^'^Y  •  ^yo/^e>ecr-6o 


s'l^  '5'“ 


^0  ^  ^/--^y 


vT  .  y^ar  J*  7^.  O  o/o  r- J- 


's-a^c/y  ’ 

£'J/-t'.  ^o  oo^or-  V . 


"O- 


Thin  woll  lube  R*  Reck  coring 


Split  spoon(tube} 
Cu11if^gl 


0  e  Olhtr  . 


Field  G/C  (Moke/Mod.) 
G/C  Ope r .t  ^ 


0ORTN^  log  J  boring/well  no.:  ^  m 


PfCjecl  <Ji  .c>'3> 

HAZWRAP  ConifOClor:  E  - 


Clicf^t/Pfojcct:  /y/q^JC 


r  ‘ 


Locked  by:  .O 


Borehole  dioCs) 


'P  ^o, 

►V. 


<b®  V® 


Lilhologie  Descfiplion 


^  <ri  .  6^y/ 


yo  e  /e  j-  ^yo  J, 


o  W  0 

1\\  V 


o  o  /''J*. 

VT^-^O 

^*^e>  ac^o  f~S~ 


T^O  =-/^^ 


Thin  won  tube  R  *  Rock  coring 

Split  »pqof^(tube)  0=  Other - 

Cultingj  No1e»:  - - 


Field  G/C  (Moke/Mod.) 
G/C  Oper.:— - — 


boring 


LOG  30RINC/WCLL  NO.:  R3-HV-HV/10 


Pcge 


of 


insloliotion:  R 1  CKLNJdALKLK  hinu:5  - - - - - - - 1 

Wn«  ri  U‘=;^n  1  CUcnl/Projecl:  HAZVRAP  _ _ — - - - - - - -i 

HA2WriAP  Contractor:  ENGINlLRING'SCIENCl 

DflQ  Conuoclor:  JOHN  MATHES  8.  ASSOC 

Driller:  j 

f>,.n  Stoned:  10/14/91  (  10:5D  a  m) 

Drig  Ended:  10/14/91  (  11*30  A  m) 

Borcnoie  olo(s):  b  | 

- - 1 

wethod/Sis  Tyds:  HOLLDV  STEM  AUGER/CME-45 _ _ _ 

■o-5ed  by  RLPATTDN  E-log(Y/0  From. - 

Protection  icvcJ:  D 

q6?\o<^|o^’o'o 


I&  '^^■r  iV^ 

OtO^V 


A'f' 


Ir 


10  H 


15  H 


20  H 


25  H 


30  H 


35 


Lithologic  Description 


11.4 


16 


IS] 


2.8 


DRY,  BRDVN,  SILTY  CLAY,  BRQVN  AND  GREY 

mottling,  no  hc  odor  dr  staining. 


DRY  TD  DAMP,  BROVN,  STIFF  SILTY  CLAY, 
NO  HC  ODOR  DR  STAINING. 


GREY,  VERY  FINE  GRAINED  SAND  VITH  TRACE 
SILT,*  NO  HC  ODOR  DR  STAIN. 


BDH=18'. 


11 

13 

13 

12 


17 

8 

12 

26 


/ 

T-' 

/ 

/ 

/ 

/ 

/ 

/ 

k 

U  s*  Thin  woll  tube 
S  »  split  spoon(tubc) 
C  «  Cuttings 


R  a  Rock  coring 

0  *  Other - 

Notes: - 


Held  G/C(Mokc/ModO 
G/C  Oper.: - 


=• 

P115V10A  I 

”  J 


boring _ LOG  I  aORIN'C/WEiLL  NO.:  R3-HV-MV/11 _ _ 

instoiiolion:  RICKENBACKCR  ANGB  I  Site:  HVSA-560 _ 

prejeet  No.:  CL115.40 _ Client/Pf eject:  HAZVRAP  _ _ _ 

HA2WRA?  Contfoctor:  EN'GIN'EERIN'G-SCIENCE  Prig  ConiroclQf:  JOHN  MATHES  8.  ASSDC]  Dfilier: _ 

Prig  Stoned:  S0/15/S1  (  09=35  Am)  Dfig  Eneed:  10/15/Sl  (  10-30  A  m)  |  Borehole  dioCs):  G' 

Pfig  Method/Rig  Type:  HDLLDV/  STEM  AUGER/CME~"45 _ _ _ _ _ ^ - - — - 

Legged  by:  RLPATTDN  |  E-logCf/g)  - -  -  I  ^ 


Qt9\^o<^o'^o'° 


Uthologic  Description 


yDRY.  BROVN.  SILTY  CLAY.  TRACE  FINE 
LIMESTONE  GRAVELS.  NO  HC  ODOR  OR 
STAINING. 


ife '*''^•0 ''°*ao'-®  iV^ 


S2N  fe5.1 


BROWN  SILTY  CLAY.  DRY.  NO  HC  ODOR  DR 
STAIN,  TRACE  GRAVEL  (FINE),  GREY  MOTTLING 


S  3  Y  ba.i 


GREYISH-BROWN  SILT,  CLAY  W/TRACE  SAND. 

SAND,  BROWN  COARSE.  AND  GRAVEL,  WET  AND 
SILTY.  NO  HC  ODOR  DR  STAINING. 


U  “  Thin  woH  tube 
S  «  split  spoon(lube) 
C  «=  Cuttings 


Rock  coring 


0  “  Other  . 


Held  C/C(Woke/Wod.) 
C/C  Opcr.:  _ 


\ 


.  ] 


i 

I 


1 


!  PORING  LOG  1  BORINC/WLLL  NO.:  RB-HV/-KV/1E 

Ppgc  *  of  * 

instoiiotion:  RICKENBACKER  ANGB  _  S.te:  HWSA-560  - - 1 

oroiect  No.:  CL115.40  I  Client/Pfoject:  HAZWRAP . . - ! 

HAZWRA?  Conlroclor:  ENGIK’EERING’SCIENCE 

Drig  Conlroclor:  JOHN  KATHES  ASSDC]  Driller: 

Drlo  stoned:  10/15/Sl  (  14:30  P  m) 

Ofig  Ended:  10/15/81  (  15=00  P  m)  Borehole  dlo(s): 

Hrio  Melhod/Rla  Tvoe:  HDLLDV  STEM  ALlGER/CME""^ 5 _ _ _ _ _ — - 

•cooed  by:  RLPATTDN  E-lo9(Y/0  From  -  to  - 

j  Prctedlori  Jeve’:  D  j 

^69  ^0^0°  / 


Lithologic  Description 


5  — 


JOH 


isH 


20- 


SI 


M3.1 


?4.5 


23 


BRDVN  AND  GREY,  STIFF,  SILTY  CLAY  VITH 
TRACE  LITHIC  GRAVEL,  NO  HC  ODOR  OR 
STAINING. 


BROWN  GREY  SILTY  CLAY,  DAMP-TO-MDIST. 
SLIGHTY  MOTTLED,  TRACE  LITHIC  GRAVEL, 
NO  HC  ODOR  OR  STAINING. 


SPOON  VETj  BROWN  CSE  SAND  AND  FINE 
GRAVEL,  NO  HC  ODOR  DR  STAINING. 


BDH=18' 


8 

12 

12 

18 


25 


/  / 

K  P 

II 


35 

_ 1 I - 1 — 1 - i : - > - 

U  a  Thin  woll  tube 

S  **  split  spoon(tube) 

Field  C/rfMnkr/Mod.'^ 

1 

r\  _ 

C/C  • 

i 

D115V1^* 

-  tx 

C  =  Cuttings 

«rrv  Cat  >*>**• 


boring  log 

>  1  1 

30Rlh'C/w:LL  NO.:  R3-HV/-HV/H  ?c;e  - 1 —  o.  — i j 

i-s!=nctisr-.:  R1CKEN3ACKER  ANG3 

Site:  HWSA-5G0 

sreje:;  Ks.:  CL115.<0 

cnsnt/Projict:  HAZWRAP  i 

haiv/ka:*  Co.v.foclor;  EK'GIK'EERIN'G-SCIEK'CE 

Drig  Conlfoctor:  JDHN  KATHES  ^  ASSDCj  Driller: 

i  Dris  Stor-.ei:  10/15/91  (  09:35  Am) 

Drig  ended:  lD/15/51  (  30-30  A  m)  Borenole  dio(s):  d' 

Dria  k'e-.hai/RJq  Type:  HOLLOW  STEM  AUGER/CME-45 

- - ed  fcy  RLPATTQN  |  E-le9(Y/®  From  lo  -  |  PreteetJon  love!:  D 

Lilhologic  Dcscripiion 


r 

!0— i' 


20  H 


25  ■ 


30  • 


35 


F2.3 


&5.1 


32.1 


DRY.  BROVN,  SILTY  CLAY.  TRACE  FINE 
LIMESTONE  GRAVELS,  NO  HC  ODOR  DR 
STAINING. 


3RDVN  SILTY  CLAY.  DRY.  NO  .HC  ODOR  DR 
STAIN,  TRACE  GRAVEL  (FINE),  GREY  MOTTLING] 


greyish-brown  silt,  clay  v/trace  sand. 


SAND.  BROWN  COARSE,  AND  GRAVEL.  WET  AND 
SILTY.  NO  KC  ODOR  DR  STAINING. 


3DH=18' 


13 

25 

19 

16 


G 

G 

8 

20 


n 


U  V  Thin  •ksll  tube 
S  *  split  spoon(lubc) 
C  =  Cuttings 


R  e  RocW  coring 
0  ■»  Other  . 
N'otes:  - 


Field  C/C(WoWe/v.<od.) 
C/C  Opcf.:  _ 


rv  n*Tr-  ->*** 


n;7nr~DrVEL0PMENT  LOG  I  well  no.:  L-  o 

I  InSIBlIOlien:  .r  Ar<- ^  /^rA’rr-  - - - ! - 

I  Pfojeci  NO.:  I  Client/?f ojeci:  f^A)OG>Oo  x ^ 

f  hAZWRAP  Conifoctor:  |  Dev.  Conlfoctor:  3^  In  ry - tAoji:\  e  g - ^ 

- - - - :~7  7  ml  Dtv  End*  a  (  *  «^  :  m )  C s g  D»o». _ 


Developer)  Dy:  A'^^r^k  c  s 


5V/L  ir>  _  Moximum  drowOOwn  durinQ  pumping 

nonqe  ond  Averoge  dischorge  role  — O-^S’  ^  ^ m. - 
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Introduction 

This  report  presents  a  comparative  analysis  of  laboratory  and  field  data  from  four  groundwater 
sampling  events  at  the  Hazardous  Waste  Storage  Area  (HWSA)  at  Rickenbacker  Air  National 
Guard  Base  (RANGE  or  the  Base).  The  objective  of  the  report  is  to  determine  if  the  nature  and 
extent  of  the  groundwater  contamination  has  changed  substantially  since  the  initial  round  of 
sampling  and  analyses  were  performed  by  Parsons  Engineering  Science,  Inc.  (ES)  in  February 
1995.  Analytical  data  from  the  February  1995  groundwater  sampling  event  were  presented  in  the 
Amended  Closure/Post  Closure  Plan  in  October  1995  and  serve  as  baseline  data.  Additional 
groundwater  analytical  data  collected  by  IT  Corporation  (IT)  in  August  1995,  December  1995, 
and  March  1996  are  compared  to  the  February  1995  data  to  assess  changes  in  water  quality. 

Description  of  Site 

The  HWSA  (Site  1)  was  a  permitted  storage  facility  that  received  wastes  generated  during  Base 
activities  from  1983  to  1986,  when  it  was  closed.  Wastes  were  stored  in  drums  placed  on  pallets 
inside  Building  560  and  outside  within  the  fenced  yard.  Four  underground  storage  tanks  (USTs) 
formerly  located  southeast  of  Building  560  were  removed  in  February  1995.  The  activities  that 
generated  the  wastes  stored  in  the  HWSA  included  degreasing  operations  at  Base  shops,  aircraft 
cleaning,  and  general  maintenance  activities  (painting,  paint  stripping,  etc.).  The  groundwater  at 
Site  1  contains  benzene,  toluene,  ethylbenzene,  xylenes  (BTEX)  and  chlorinated  volatile  organic 
compounds  (VOCs).  Figure  1  presents  the  location  of  the  physical  structures  and  the 
groundwater  sampling  locations  at  Site  1. 

Geology  and  Hydrogeology  of  Site  1 

The  geology  beneath  the  site  consists  of  up  to  200  feet  of  sandy  and  gravely  Pleistocene  age 
glacial  outwash  and  silty  and  clayey  glacial  till  filling  a  preglacial  bedrock  valley.  The  glacial 
geologic  units  beneath  the  Base  are  differentiated  by  stratigraphic  and  hydrogeologic 
characteristics.  The  first  hydrogeologic  unit  beneath  the  base  is  the  Upper  Water  Bearing  Zone 
(UWBZ).  The  UWBZ,  which  extends  from  ground  surface  to  approximately  25  feet  below 
ground  surface,  consists  of  permeable  (sands  and  gravels)  and  low  permeable  (siit  and  clay) 
layers.  Groundwater  in  the  UWBZ  is  under  unconfmed  to  semiconfmed  conditions.  The  UWBZ 
is  underlain  by  a  continuous,  dense,  grey,  silty  clay  unit.  Soil  borings  indicate  that  the  clay  layer 
is  at  least  5  feet  thick  across  the  Base. 
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ES  completed  groundwater  monitoring  wells  and  groundwater  monitoring  points  at  various 
depths  in  the  UWBZ  to  evaluate  the  lateral  and  vertical  extent  of  the  groundwater  contamination. 
Table  1  presents  the  completion  data  for  the  monitoring  wells  and  monitoring  points  at  Site  1. 
The  monitoring  wells  were  completed  with  ten  foot  long  screens  which  in  some  cases,  straddled 
a  one  foot  thick  clay  layer  within  the  UWBZ.  In  addition,  monitoring  points  were  installed  using 
3-foot  long  screens  and  are  placed  at  discreet  depths  within  the  UWBZ  to  evaluate  the  vertical 
distribution  of  contaminants. 

ES  used  monitoring  wells  and  monitoring  points  to  prepare  the  potentiometric  maps  included  in 
the  Amended  Closure/Post  Closure  Plan.  The  potentiometric  maps  presented  in  the  Amended 
Closure/Post  Closure  Plan  illustrate  areas  of  groundwater  mounding  and  depressions  near  the 
site.  Because  the  monitoring  wells  and  monitoring  points  do  not  have  corresponding  screened 
intervals,  IT  prepared  groimdwater  potentiometric  surface  maps  using  only  groundwater 
elevations  obtained  from  the  monitoring  wells.  Figures  2,  3,  and  4  are  potentiometric  surface 
maps  for  the  August  15,  1995,  December  20,  1995,  and  March  18, 1996  groundwater  elevation 
sampling  events.  These  maps  indicate  a  north-south  trending  groundwater  trough  in  the  vicinity 
of  the  site.  The  interpreted  groundwater  flow  direction  is  generally  from  north  to  south.  Table  2 
presents  the  groundwater  elevation  data  used  to  prepare  the  potentiometric  surface  maps. 

The  groimdwater  advective  flow  velocity  was  calculated  to  evaluate  the  contaminant  migration 
rate  beneath  Site  1.  The  data  used  for  this  calculation  was  taken  from  the  information  presented 
in  the  Amended  Closure/Post  Closure  Plan,  the  Site  Investigation  Report  (SI),  and  from  the 
quarterly  sampling  conducted  by  IT.  The  formula  used  to  calculate  the  advective  flow  velocity 
is: 

n.  AL 


where:  V  =  average  linear  velocity  (ft/d) 

K  =  hydraulic  conductivity  (ft/d) 
n^  =  effective  porosity  (dimensionless) 

=  hydraulic  gradient  (dimensionless) 

Table  3  summarizes  the  groundwater  flow  velocity  estimates  for  Site  1. 
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Nature  and  Extent  of  Contamination 

The  principal  contaminants  in  the  groundwater  beneath  Site  1  are  benzene,  toluene, 
ethylbenzene,  xylene  (BTEX)  compounds  and  chlorinated  VOCs.  The  principal  chlorinated 
VOCs  are  (cis-  and  trans-)l,2-dichloroethene,  trichloroethene  and  vinyl  chloride.  The  analytical 
results  have  been  compared  between  sampling  events  to  determine  contaminant  concentration 
and  migration  trends.  Table  4  presents  the  sampling  locations  and  parameters  tested  during  the 
three  quarterly  sampling  events.  Tables  5,  6,  7  and  8  summarize  the  results  of  the  four  roimds  of 
groundwater  sampling  conducted  at  Site  1.  Figures  5, 6,  and  7  present  all  of  the  compounds 
detected  during  the  August  1995,  December  1995,  and  March  1996  sampling  events. 


The  vertical  and  horizontal  extent  of  BTEX  in  groundwater  has  not  changed  significantly  from 
the  February,  1995  sampling  event  to  the  March,  1996  sampling  event.  However,  total  BTEX 
concentrations  have  decreased.  The  total  BTEX  concentration  in  MP-13S  decreased  from  963 
>ug/L  in  February,  1995  to  440  fxg/L  in  March,  1996.  The  results  of  the  sampling  from  MW-5 
and  MP-16S  show  similar  results.  The  plume  definition  continues  to  be  delineated  by  the  lack  of 
BTEX  compounds  detected  in  MP-17S,  MW-8,  MP-14D,  MP-2D,  MW-3,  and  MW-4.  Figures 
8,  9,  and  10  present  the  BTEX  plume  location  during  the  three  quarterly  sampling  events.  The 
following  chart  presents  the  trend  in  BTEX  concentrations  from  February  1995  to  March  1996. 
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Trichloroethene  (TCE)  detections  were  observed  in  groundwater  along  the  west  side  of  the  site 
during  the  February  1995  sampling  event.  The  highest  concentration  was  detected  in  the  sample 
collected  from  MW-6  at  >5,000  f-tgfL.  Seven  other  locations  contained  TCE  during  the  February 


1995  sampling  event  at  concentrations  ranging  from  1  ixgfL  to  95.6  A^g/L.  The  concentrations  of 
TCE  decreased  dramatically  from  February  1995  to  August  1995.  The  TCE  concentration  in 


MW-6  decreased  from  >5,000  pcgfL  to  770  /u-gfL.  Only  one  other  sample  contained  detectable 
concentrations  of  TCE  (MP-2D  at  20  /ugfL)  during  the  August  1995  sampling.  The  reductions  in 
TCE  continued  to  the  point  where,  during  the  March  1996  sampling  event,  the  concentrations  of 
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TCE  were  1 1  yug/L  in  MW-6  and  9  ;Ug/L  in  MP-2D.  These  locations  also  show  decreasing  or 
non-detectable  concentrations  of  TCE  decomposition  products  (e.g.  vinyl  chloride  and  1,2- 
dichloroethene  isomers).  The  following  chart  presents  the  decreasing  trend  in  TCE  concentration 
over  time. 


TCE  Trend 
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Vinyl  Chloride  was  detected  at  10  sampling  locations  during  the  February  1995  sampling  event 
at  locations  spread  across  the  site.  The  highest  concentrations  were  in  MW-17S  along  the  east 
side  of  the  site  and  in  MW-6.  The  concentration  of  vinyl  chloride  in  MW-6  decreased  from  23.1 
;/g/L  in  February  1995  to  below  detection  limit  in  March  1996.  A  reduction  in  vinyl  chloride 
concentration  is  also  apparent  in  the  samples  collected  from  MP-17S.  However,  the  reduction  is 
not  as  substantial.  The  concentrations  of  vinyl  chloride  in  MP-17S  from  the  four  sampling 
events  were  1,570  Mg/L  (February  1995),  930  /^g/L  (August  1995),  1,200  yug/L  (December 
1995),  and  690  //g/L  (March  1996).  The  following  chart  graphically  presents  this  trend. 
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The  other  contaminants  which  have  shown  elevated  concentrations  are  the  cis-  and  trans-  isomers 
of  1,2-dichloroethene  (1,2-DCE).  The  cis-  and  trans-  isomers  of  1,2-DCE  have  been  summed  in 
the  tables  and  maps.  The  total  1 ,2-DCE  concentrations  were  distributed  across  the  site  at 
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essentially  the  same  locations  as  the  vinyl  chloride.  The  maximum  concentrations  detected  in  the 
February  1995  sampling  event  "were  present  at  MP-17S  (5,065  yUg/L),  MW-6  (920  yWg/L),  and 
MP-13S  (528  //g/L).  Two  other  locations  sampled  during  February  1995  contained  detectable 
concentrations  of  total  1,2-DCE;  however,  in  each  case  the  concentration  was  minimal  (i.e.  <5 
yug/L).  The  trend  in  1,2-DCE  concentrations  is  generally  toward  lower  concentrations.  The  1,2- 
DCE  that  was  present  along  the  western  portion  of  the  site  during  the  February  1995  sampling 
have  generally  decreased  to  less  than  detectable  concentrations.  The  concentrations  detected 
during  the  March  1996  sampling  event  in  the  eastern  sampling  locations  (i.e.  MP-13S,  MP-17S 
and  MP-14D)  have  decreased  when  compared  to  the  concentrations  detected  during  February 
1995.  The  1,2-DCE  concentration  trend  is  presented  in  the  following  graph. 


Total  DCE  Trend 
February  1995  -  March  1996 
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Groundwater  Remediation 

Intrinsic  remediation  was  selected  as  the  remedial  alternative  for  groimdwater  at  the  site. 

IT  has  collected  data  to  evaluate  the  results  of  the  selected  groimdwater  remediation  technology. 
Intrinsic  remediation  recognizes  natural  attenuation  to  reduce  the  BTEX  contaminant 
concentrations.  Natural  attenuation  refers  to  a  combination  of  sorption,  dispersion,  and 
biodegradation  that  results  in  a  reduction  of  contaminant  concentrations.  Chlorinated  VOCs  are 
degraded  during  intrinsic  remediation  through  a  process  known  as  cometabolism.  Chlorinated 
VOC  degradation  is  accomplished  from  enzymes  produced  during  the  degradation  of  the  BTEX 
compounds.  Cometabolism  rates  generally  increase  as  reducing  conditions  increase. 

Several  field  and  laboratory  parameters  are  measured  on  a  quarterly  basis  in  conjunction  with 
laboratory  analyses  of  the  contaminants  of  concern,  to  determine  the  effectiveness  of  the  selected 
remediation  technology.  These  parameters  include  dissolved  oxygen,  pH,  temperature, 
conductivity,  redox  potential,  total  alkalinity,  sulfides,  ferrous  iron,  chloride,  sulfates,  nitrates 
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and  nitrites,  methane,  ethene,  ethane,  and  ammonia.  Many  of  these  parameters  are  used  as 
“yardsticks”  to  determine  if  biological  activities  (as  determined  through  the  presence  of  aerobic 
and  anaerobic  respiration)  are  reducing  contaminant  concentrations.  Tables  9, 10, 1 1  and  12 
summarize  the  results  of  the  natural  attenuation  parameter  sampling. 

Intrinsic  Remediation  Indicator  Parameters 

Dissolved  oxygen  (DO)  is  tested  at  each  location  where  a  groundwater  sample  is  collected  to 
determine  if  aerobic  bioremediation  is  active  in  the  groimdwater.  A  DO  concentration  greater 
than  1  mg/L  is  considered  necessary  to  support  aerobic  processes.  Clear  trends  in  DO  are  not 
apparent  from  the  field  readings.  The  data  collected  in  February  1995  show  only  two  locations 
with  DO  greater  than  1  mg/L  indicating  that  aerobic  activity  is  probably  not  an  important 
process.  The  data  collected  in  August  1995  shows  a  similar  situation  in  that  the  samples 
collected  near  the  BTEX  plume  each  show  relatively  low  concentrations  of  DO.  The  DO  meter 
used  during  the  December  1995  sampling  ceased  working  after  only  a  few  of  the  samples  were 
analyzed.  The  samples  that  were  analyzed  were  outside  the  BTEX  plume;  therefore,  information 
on  the  DO  character  within  the  plume  are  not  available  for  this  sampling  event.  The  results  of 
the  March  1996  sampling  shows  unusually  high  DO  readings  in  each  of  the  samples  indicating  a 
malfunctioning  meter.  An  attempt  was  made  to  relate  each  of  the  readings  back  to  the  minimum 
reading  from  all  locations  to  determine  if  a  trend  exists.  The  relative  readings  do  not  show 
correlation  where  aerobic  and  anaerobic  processes  would  be  likely  to  occur.  Figures  11, 12,  and 

13  present  the  results  of  the  DO  readings  from  each  of  the  quarterly  sampling  events. 

Nitrate  and  nitrite  concentrations  (as  nitrogen)  were  measured  in  groimdwater  samples  collected 
during  each  round  of  groimdwater  sampling.  The  results  of  this  sampling  does  not  indicate  a 
significant  trend  in  nitrogen  concentrations  within  the  BTEX  plume.  Additional  sampling  of 
these  parameters  will  be  necessary  to  draw  conclusions  based  on  nitrogen  concentrations.  Figure 

14  presents  the  results  of  the  nitrogen  sampling  conducted  in  August  1995. 

Ferrous  iron  concentrations  were  measured  in  groundwater  samples  collected  during  each 
groundwater  sampling  event.  The  results  of  this  sampling  are  presented  on  Figure  15.  The 
highest  concentrations  of  ferrous  iron  are  generally  associated  with  samples  collected  from 
monitoring  points  MP-16S,  MP-16D  and  MP-17S  which  are  located  near  the  center  of  the 
groundwater  contamination.  These  elevated  levels  of  ferrous  iron  suggest  that  ferric  iron 
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hydroxide  is  being  reduced  to  ferrous  iron  during  anaerobic  biodegradation  of  BTEX 
compounds. 

Groundwater  samples  for  sulfate  analysis  were  collected  during  each  sampling  event.  Figure  16 
presents  the  results  of  the  sulfate  sampling  conducted  during  the  quarterly  sampling  events.  The 
results  of  these  sampling  events  show  reduced  concentrations  of  sulfates  in  the  area  of  BTEX 
contamination.  This  situation  suggests  anaerobic  biodegradation  of  BTEX  compounds  in  the 
shallow  groundwater  through  the  microbially  mediated  process  of  sulfate  reduction. 

Methane,  ethane  and  ethene  analyses  were  conducted  on  groundwater  samples  collected  during 
each  round  of  groundwater  sampling  to  determine  if  methanogensis  is  occurring  at  this  site. 

Each  of  the  sampling  events  show  that  the  elevated  levels  of  methane  are  generally  associated 
with  the  location  of  the  BTEX  plume.  These  relations  suggest  that  anaerobic  biodegradation  of 
BTEX  compounds  via  methanogensis  is  occurring  at  this  site.  Figures  17, 18,  and  19  present  the 
results  of  the  methane  sampling. 

Conclusions 

The  results  of  the  three  quarterly  groimdwater  sampling  events  were  compared  to  the  sampling 
event  conducted  in  February  1995  and  used  in  the  Amended  Closure  Plan  submitted  in  October 
1995.  This  comparison  shows  the  extent  of  the  BTEX  plume  has  not  changed  substantially. 
However,  the  nature  of  the  plume  has  changed  in  that  the  concentrations  have  decreased. 
Contamination  from  chlorinated  VOCs  including  vinyl  chloride,  total  1,2-DCE  and  TCE 
continue  to  exist  in  the  groundwater  beneath  the  site.  However,  the  extent  and  the  concentration 
of  the  contaminants  have  decreased  since  February  1995. 

The  “yardstick”  parameters  for  determining  the  effectiveness  of  intrinsic  remediation  show 
biological  activity  is  likely  to  be  remediating  the  BTEX  plume  beneath  Site  1 .  Without 
verifiable  dissolved  oxygen  data,  it  is  difficult  to  determine  if  aerobic  activity  is  occurring.  But, 
the  other  natural  attenuation  parameter  results  suggest  that  anaerobic  activity  is  present. 

The  fourth  quarter  groundwater  sampling  was  conducted  in  June  1996.  The  nature  and  extent  of 
contamination  at  the  site  will  be  reevaluated  when  this  data  and  future  quarterly  sampling  event 
data  are  available.  However,  the  currently  available  data  indicate  no  significant  migration  of 
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contaminants  is  occurring  and  contaminant  concentrations  are  decreasing.  Therefore,  the 
selected  remedial  action  of  natural  attenuation  appears  sufficient  to  reduce  the  risk  to  human 
health  and  the  environment  posed  by  the  groimdwater. 
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Table  2 

Groundwater  Elevation  Data 
Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,  Ohio 


Well  ID 

Datum 

Elevation 

(ft  msl) 

08/15/95 

12/20/95 

03/18/96 

Depth  to 
Water  (ft) 

Elevation  of 

Groundwater 

(ft  msl) 

Depth  to 
Water  (ft) 

Elevation  of 

Groundwater 

(ft  msl) 

Depth  to 
Water  (ft) 

Elevation  of 

Groundwater 

(ft  msl) 

MW-02 

743.36 

12.14 

731.22 

13.23 

730.13 

11.26 

732.1 

MW-03 

743.96 

10.46 

733.5 

13.05 

730.91 

8.6 

735,36 

MW-04 

745.15 

11.38 

733.77 

13.26 

731.89 

9.86 

735,36 

MW-05 

744.97 

13.37 

731.6 

NA  (free  product) 

NA 

NA 

NA 

MW-06 

745.18 

13.75 

731.43 

14.96 

730.22 

13.06 

732.12 

MW-08 

743.89 

10.53 

733.36 

12.94 

730.95 

8.43 

735.46 

MW-09 

745.25 

8.05 

737.2 

13.55 

731.7 

NA 

NA 

MW-IO 

742.64 

11.23 

731.41 

12.3 

730.34 

NA 

NA 

MW-11 

744.15 

12.19 

731.96 

13.55 

730.6 

11.64 

732.51 

MW-12 

743.02 

13.1 

729.92 

13.71 

729.31 

11.98 

731.04 

ESMP-1S 

741.67 

7.43 

734.24 

9.44 

732.23 

5.65 

736.02 

ESMP-1D 

741.72 

10.17 

731.55 

10.56 

731.16 

8.87 

732.85 

ESMP-2S 

741.18 

3.57 

737.61 

5.83 

735.35 

1.73 

739.45 

ESMP-2D 

741.29 

6.18 

735.11 

10.1 

731.19 

8.55 

732.74 

ESMP-3S 

742.23 

7.68 

734.55 

11.26 

730.97 

7.82 

734.41 

ESMP-3D 

742.22 

10.69 

731.53 

11.92 

730.3 

9.94 

732.28 

ESMP-4S 

742.7 

5.94 

736.76 

9.92 

732.78 

6.92 

735.78 

ESMP-4D 

742.69 

11.15 

731.54 

12.23 

730.46 

10.42 

732.27 

ESMP-5S 

741.51 

3.83 

737.68 

6.89 

734.62 

3.46 

738.05 

ESMP-5D 

741.56 

6.2 

735.36 

9 

732.56 

2.07 

739.49 

ESMP-6S 

740.98 

10.79 

730.19 

NA 

NA 

NA 

NA 

ESMP-6D 

741,05 

9.69 

731.36 

10.69 

730.36 

8.87 

732.18 

ESMP-7S 

740.85 

6.02 

734.83 

5.33 

735.52 

3.69 

737.16 

ESMP-7D 

740.8 

5.96 

734.84 

8.62 

732.18 

5,57 

735.23 

ESMP-8S 

740.92 

3.76 

737.16 

6.73 

734.19 

2.87 

738.05 

ESMP-8D 

740.89 

6.17 

734.72 

8.85 

732.04 

NA 

NA 

ESMP-8DD 

740.83 

7.38 

733.45 

9.58 

731.25 

7.07 

733.76 

ESMP-9$ 

741.79 

3.38 

738.41 

5.22 

736.57 

1.46 

740.33 

ESMP-9D 

741.7 

6.53 

735.17 

9.35 

732.35 

6.27 

735.43 

ESMP-10S 

741.56 

6.15 

735.41 

10.03 

731.53 

7.26 

734.43 

ESMP-10D 

741.54 

6.41 

735.13 

9.22 

732.32 

6.28 

735.26 

ESMP-11S 

740.76 

6.66 

734.1 

7.15 

733.61 

6.42 

734.34 

ESMP-11D 

740.8 

7.11 

733.69 

9.04 

731.76 

6.69 

734.11 

ESMP-12S 

742.43 

2.57 

739.86 

6.23 

736.2 

0,4 

742.03 

ESMP-13S 

741.38 

10.34 

731.04 

10.9 

730.48 

9.34 

732.04 

ESMP-13D 

741.38 

10.06 

731.32 

10.56 

730.82 

9.1 

732.28 

ESMP-14S 

741.17 

10.13 

731.04 

10.31 

730.86 

9.16 

732.01 

ESMP-14D 

741.18 

9.89 

731.29 

10.37 

730.81 

8.92 

732.26 

ESMP-14DD 

741.13 

9.72 

731.41 

10.56 

730.57 

8.93 

732.2 

ESMP-15S 

740.37 

9.45 

730.92 

9.68 

730.69 

8.47 

731.9 

ESMP-15D 

740.28 

8.98 

731.3 

9.45 

730.83 

7.98 

732.3 

ESMP-16S 

740.33 

8 

732.33 

9.6 

730.73 

7.78 

732.55 

ESMP-16D 

740.33 

8.77 

731.56 

9.18 

731.15 

7.87 

732.46 

ESMP-17S 

739.87 

9.19 

730.68 

9.56 

730.31 

8.52 

731.35 

g:\wp51\docs\costello\762970\TABLE2.XLS\ic:dj 


Table  3 


Summary  of  Groundwater  Velocity  Calculations 
Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,  Ohio 


Date  Of  GW 
Elevation 
Measurement 

Monitoring  Wells 

K’ 

(ft/d) 

mm 

(ft) 

ne'‘ 

V 

(ft/day) 

V 

(ft/yr) 

8/15/95 

MW-9,  MW-12 

0.62 

7.28 

495 

3.04E-02 

1.10E+01 

12/20/95 

MW-9,  MW-12 

0.62 

2.39  • 

495 

9.98E-03 

3.60E+00 

3/18/96 

MW-4,  MW-6 

1.375 

3.17 

162 

0.3 

8.97E-02 

3.30E+01 

7/1/96 

HC-MW1,  HC-MW2 

2.50E-07 

24.34 

80 

0.3 

2.54E-07 

9.3  E-5 

1  Source  of  K  is  slug  tests  for  MW-4.  MW-6,  MW-9,  and  MW-12.  (Amended  Closures/Post  Closure  Plan) 

For  the  clay  layer  between  HC-MW-1  and  HC-MW-2  the  K  value  was  taken  form  the  source 
presented  in  the  OEPA  letter  dated  April  10. 1996  (Lindeburg,  Michael.  R..  Civil  Engineering 
Reference  Manual.  4fh  Ed.) 

2  dh  for  MW-4.  MW-6,  MW-9,  and  MW-12  are  presented  in  Table  2.  dh  for  HC  wells  is  from  recent  sampling. 

3  dL  for  MW-4,  MW-6,  MW-1 2  is  taken  from  Figure  1 .  Dl  for  HC  wells  is  the  depth  between  the  middle  of  each  screened  interval. 

4  Amended  Closure/Post  Closure  Plan 
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Table  4 


Analytical  Parameters 
Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,  Ohio 


Well 

VOC 

svoc 

Metals 

(unfiltered) 

Metals 

(filtered) 

Natural 

Attenuation 

Parameters'®^ 

Field 

Parameters^*’’ 

MW-3 

X 

X 

X 

MW-4 

X 

X 

X 

X 

X 

X 

MW-5 

X 

X 

X 

MW-6 

X 

X 

MW-8 

mSm 

X 

X 

X 

X 

X 

MW-11 

X 

X 

X 

X 

X 

MW-12 

X 

X 

X 

X 

X 

X 

ESMP-2D 

.  X 

X 

X 

ESMP-3D 

X 

X 

ESMP-4S 

X 

X 

ESMP-4D 

mBM 

X 

X 

ESMP-6D 

mm 

X 

X 

ESMP-8S 

X 

I 

X 

X 

ESMP-10S 

X 

X 

X 

ESMP-13S 

X 

X 

X 

ESMP-14D 

X 

X 

X 

ESMP-16S 

X 

X 

X 

ESMP-16D 

X 

X 

X 

ESMP-17S 

X 

X 

X 

(a)  Natural  attenuation  parameters  included  methane,  ethene,  ammonia,  nitrogen,  nitrite,  nitrate, 
sulfate,  alkalinity,  and  chloride. 

(b)  Field  Parameters  included  pH,  temperature,  conductivity  and  the  following  natural  attenuation 
parameters:  ferrous  iron,  sulfide,  alkalinity,  dissolved  oxygen,  and  oxidation  reduction  potential. 
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Organic  Chemicals  Detected  in  Groundwater 
February,  1995 

Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,  Ohio 
Page  1  of  2 


ID  ^ 

P  ^ 
H  a. 

ND 

ND 

ND 

95.60 

Total 

1,2-DCE 

(^g/L) 

ND 

ND 

ND 

1.00 

LIJ 

o  ^ 
9  5 

T- 

ND 

ND 

ND 

ND 

Vinyl 

Chloride 

(mq/l) 

Q  Q  Q  a 
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a> 


Total 

Xylenes 

(^g/L) 

o  o 
z  z 

Ethylbenzene 

(ng/L) 

ND 

BLQ 

£  «d 

3  O) 
o 

p 

q  3 
^  “ 

0) 

£  S' 
S  2 

0)  s3 
CD 

®oi 

z  ^ 

Sample 

Date 

02/28/95 

02/28/95 

Sample 

Location 

ESMP-1S 

ESMP-1D 

Z  Z  Z  Z  Z 


Z  Z  Z  Z  Z 


Z  Z  Z  Z  Z 


Z  Z  Z  Z 


^  -j  ^ 
CD  GQ  ro  m 
CM 


P[<S<oo®aQ«a<aaooaoo<roa3?Q<ro 


CD  CD  (M  CD 


CQ  QQ  ^  CD  CD  CD  CD 


m  m  c5  Ri  =2  z  z 


|^Q<QOQQQQQ<OqQQQQQ<;QqQ^Q<Q 


£MCMCMCS45MCMCM(MSM(NCMCM(M 
c5N<MCM^cM<^f^r3^^ 
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00  oo  CO  oo 
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to  CO  Q  Q  CO  CO 

O  O  O  -r-  CM  CO 


CLCLO-Q.CLQ.Q.CLCLCXQ.CLOLOLOLCLCLOuCLCLci.C]L 

52525S52S55525525255S2 

cococococococococococotococococococococococo 

UJUJlDUiUJLUliiUJLiJUJUJLlJllJUJUJUJLUlJJLLlLlJllJliJ 


O  O  CO 
CO  CO  ^ 


CO  CO  CO 
ID  UJ  LU 


m 

o 

(0 


H 


<1> 


CO 

o 


< 


o 
O) 
m  2 
o>  o 
o  a 

T-  CO 

■8  « 

^  o 

IE 

(0 

N 

CO 

X 


o 

Z 

o 

cd 

o  <>< 

z  **“ 

<  o 

w 

0)  O 

«  D. 

c 

o 

o 

£ 


c 

(0 

U) 


301 

ND 

ND 

ND 

BLC 

ND 

ND 

ND 

ND 

BCL 

ND 

1 

ND 

ND 

ACL<®^ 

9580 

BCL 

ND 

ND 

ND 

BCL 

ND 

BCL 

2  8  S' 

O  9  O) 
H  3 

ND 

2.20 

2.10 

ND 

ND 

ND 

ND 

ND 

5065.00 

ND 

ND 

ND 

ND 

920.00 

837.00 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

y  S' 
9  g 

^  .3 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

11.70 

ND 

ND 

ND 

ND 

6.5 

6.5 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

Vinyl 

Chloride 

(ng/L) 

ND 

1.00 

1.00 

ND 

ND 

ND 

ND 

ND 

1570.00 

ND 

ND 

ND 

ND 

23.1 

21,9 

ND 

ND 

ND 

ND 

ND 

ND 

ND 

2  UJ  S' 

H  s  3 

NA 

BLQ 

NA 

BLQ 

1.08 

BLQ 

471.33 

95.36 

BLQ 

BLQ 

BLQ 

BLQ 

753.03 

1.67 

NA 

BLQ 

ND 

ND 

ND 

NA 

BLQ 

NA 

Total 

Xylenes 

(W/L) 

NA 

ND 

NA 

ND 

BLQ 

BLQ 

153.65 

62.03 

ND 

BLQ 

BLQ 

BLQ 

375.93 

BLQ 

NA 

ND 

ND 

ND 

ND 

NA 

ND 

NA 

Ethylbenzene 

(ng/L) 

NA 

ND 

NA 

ND 

BLQ 

ND 

228.5 

26,87 

ND 

BLQ 

BLQ 

BLQ 

317.97 

BLQ 

NA 

ND 

ND 

ND 

ND 

NA 

ND 

NA 

Toluene 

(^g/L) 

NA 

BLQ 

NA 

BLQ 

1.08 

BLQ 

BLQ 

BLQ 

ND 

BLQ 

BLQ 

BLQ 

41.94 

BLQ 

NA 

ND 

ND 

ND 

ND 

NA 

BLQ 

NA 

O 

S  5 

N  I 
0)  3 

CD 

NA 

ND 

NA 

ND 

BLQ 

ND 

89.18 

6.46 

BLQ 

BLQ 

BLQ 

BLQ 

17.19 

1.67 

NA 

BLQ 

ND 

ND 

ND 

NA 

ND 

NA 

Sample 

Date 

02/28/95 

02/28/95 

02/28/95 

02/28/95 

02/28/95 

02/28/95 

03/01/95 

03/01/95 

02/28/95 

03/01/95 

02/28/95 

03/01/95 

03/01/95 

02/28/95 

02/28/95 

02/28/95 

03/01/95 

03/01/95 

02/28/95 

02/28/95 

02/28/95 

02/28/95 

Sample 

Location 

ESMP-14(D) 

ESMP-14D 

ESMP-14D(D) 

ESMP-14DD 

ESMP-15S 

ESMP-15D 

ESMP-16S 

ESMP-16D 

ESMP-17S 

MW-2 

r/iw*3 

MW-4 

MW.5 

MW-6 

MW-6(D) 

MW-8 

MW-9 

MW-10 

MW-11 

MW.11(D) 

MW-12 

MW-12(D) 

(a)  ND  =  not  delected. 

(b)  BLQ  =  below  limit  of  quantitation. 

(c)  NA  =  not  analyzed. 

(d)  BCL  =  below  calibration  limit  (1,0  ^ig/L). 

(e)  ACL  =  above  calibration  limit  (5000  ng/L). 


Organic  Chemicals  Detected  in  Groundwater 
August,  1995 

Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,Ohio 
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Organic  Chemicals  Detected  in  Groundwater 
December,  1995 
Hazardous  Waste  Storage  Area 
Rickenbacker  ANGB,  Ohio 
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(e)  ACL  =  above  calibration  limit  (5000  ug/L). 
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APPENDIX  D 


LABORATORY  REPORTS  FROM  USEPA, 

1995  AFCEE-SPONSORED  NATURAL  ATTENUATION 

INVESTIGATION 


L:\45025\report\append.doc 


MAmim 

TEmim 


Ref:  95-DK9/vg 
May  9,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.S.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU:  S.A.  Vandegrift  SV 

Dear  Don; 

This  report  contains  the  results  of  my  GC/MSD  analysis  of^ 
methylene  chloride  extracts  of  core  samples  and  one  free  floating 
product  sample  (MW— 5)  from  Rickenbacker  ANGB  for  guantitation  of 
benzene,  trichloroethylene  (TCE) ,  tetrachloroethylene  (PCE) ,  ' 

toluene,  ethylbenzene  (EB) ,  p-Xylene  (p-X) ,  m-Xylene  (m-X) ,  o- 
Xylene  (o-X) ,  1, 3 , 5-trimethylbenzene  (1,3,5-TMB),  1,2,4- 
trimethylbenzene  (1,2,4-TMB),  1, 2 , 3-trimethylbenzene  (1,2,3-TMB), 
1,2,4, 5-tetramethylbenzene,  1,2,3, 5— tetramethylbenzene,  1,2,3,4- 
tetramethylbenzene ,  naphthalene,'  2— methylnaphthalene  and  1— 
methylnaphthalene  performed  under  Service  Reguest  #SF— 1—118 . 


The  analytical  method  was  a  modification  of  RSKSOP-124. 

Cool  (38 °C)  on-column  injection  (0.5  yil)  was  used  with  electronic 
pressure  control  set  for  a  constant  flow  of  0.9  ml/min.  A  30M  X 
0.25  3Bm  Restek  Stabilwax  (Crossbonded  Carbowax-PEG,  0.5  /xm  film) 
capillary  GC  column  with  9  inch  long  X  0.53  mm  ID  ancoated 
capillary  precolumn  was  used.  Quantitation  was  based  on 
calibration  curves  of  selected  target  ions  (2  or  3  ions  ,  total 
area)  for  each  compound.  A  high  level  (5-250  /xg/ml  , 
naphthalenes  0.1-50  ug/ml)  and  low  level  (0.05-5  /ig/ml) 
calibration  curve  was  applied  to  each  sample  for  quantitation. 
Complete  reports  detailing  the  acquisition  method  and  calibration 
curves  have  been  recorded.  The  soil  samples  were  extracted  by 
Mark  Blankenshio  on  March  6,  1995  and  the  free-floating  product 
was  received  March  2,  1995.  All  samples  were  analyzed  by  GC/MSD 
on  March  15-16,  1995. 

If  I  can  be  of  further  assistance,  please  feel  free  to 
contact  me. 


xc:  R.L. 
J.L. 
G.B. 


ManTech  Environmental  Research  Services  Corporation 


R.S.  Kerr  Environmental  Research  Laboratorv;  P.O.  Box  1 198, 919  Kerr  Research  Drive 
Ada,  Oklahoma  74821- 1 198  405-436-8660  FA.X  405-456-8501 


SF-1-118  Dr.  D,  Kampbell  Rickenbacker  ANGB  Free  Product  (ug/ml)  and  Soil  Extracts  (mg/kg)  GC/MSD  (SIM) 
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TRUE  VALUE:  WP032-II  =9.9  MG/L 
WP033-I  -  7.7  MG/L 


Printed  3/8/95  SF*1  -118  DP-PT/GC-PID  Analyses  for  Dr.  Kampbel!  t  Units  =  ng/mL  AnaIyst:L  Black 


2?8B;Do88ooQDo;:ooooDoooDQorb8oSoogoDooS8|ooo5DS|Sg|S|D2 


|||8Sgs|SSSi8igiS8SSSSSSi|8igS9gSSSSi|iiiSSsSSSS:piS5 


2  SifS 


S^SoooqoooooqSqqQ 

'^“■-ZZZZioZZZZZ  -7 


ljuljDODOQOQQ 

^^•zzzzzzzzzzz 


p*  ^ 

000D00D0D0D®8g00Q5000Dg^S^Q 

7=:;ZZZZZZZZZiJgoQ2ZZ^*ZZZZQ3o^C>iZ 


to  O  ^  ‘ 


|||iSiS^888i8i88S88S8S8Ss588SSS89S8S8|i88S8iSS88Si|58s 

|gi!S88i8S88g|S88SB88888s|8SS8SS8988S|i88S8i888Siiii9i 

l|ii3Ss|giS8§i88898888S88|g2888988S88ii88885S9883i5;8i 


;S800Qo5oOOQo8oQOQODOOQOQjQ990900009DS§QQOQgQDOQg^??Q| 

®§^J^Z2lri2Z2ZZc!22Z2ZZZZZZ282Z222ZZ2ZZ22gZZZ2„2ZZZa)o„o)^2 

in  K  “  “  u> 


i|i3SSg|3ggg8|gigg,8SSg8Ss|88SSS83g838||S888isS833pii| 

liiii§iiiSSS85SSSiiiSSS§s|siSSS8888i8||i888|88S8i|||Bi 


S!58oooo®qDQQDgogooQ2ooDgoS939oS99SS99oi°°z°Siggi3S5^zd 

5  2§6DmmmC:m2Z2zS2^z22^222£^2g2^zz2ZZa,z2ZggajcDZa.n2222:<Dogg.z° 

^  u)  to 


^  <x>  CO 

oteS0000m0oonnO000S00®0Q008(000a0qq0qg0oog5g0?gqgg§^.  gogq 


2p;Soooo2^qQoo5oooDOQOoocio^ogg99999999^?299z5z22z°^^ 

5  S  S  “  “  “  “  t  ^  2  Z  2  S  2  2  2  2  2  2  2  2  2  2  2  S  Z  ^  ^  Z  2  2  2  Z  2  Z  2  g  g  „  2  2  Z  „  2  2  2  Z  2  „ 


CD 

CO  a. 

CL  CL 

"huj 
O  3 

IT  > 
ID  ID 
m  w  3 
n  CD  DC 

S:  O  P 

8y  R 


1 

■H. 

8 


§■  O  OT  O  O  O  O  w  Q  (0  Q  J_  w 

O  O  -  m  «  f  T  “?  “f  <9  “  “P 

CV<O'«r'<»-iniOtDO)*-»-Q.--D.CLa.tL0.CLtLQ-0.Q.Q_^ 

v^v/>>>>>>>>>>o5tDW(D(D(n(OV)(D(0<OQW 
005222222222»-2uJtDiDUJUJUJiDUJLUiDi?)LD 


O  (/>  CO 
^ 

q1  a  CL 
2  2  2 
(O  (O  CO 
o)  ID  ID 


Q 

O  O  ^ 

O  O  O  CO 
op  C»  CO 

0.  0-  Ol  0- 
2  2  2  2 
CO  CO  CO  CO 
UJ  LD  ID  LD 


iS' 

<s' 

o 

Q  m  ^ 
^  2  ^ 

V  T  5  CD 

11  <o 

w  W  o  O 
ID  ID  O  O 


3  S 

5  Q 

ID  O  CO  CO  O  < 

^  eg  eg  CO  ( 

f  CL  ti.  CL  £L 

,.2  2  2  2 

o  CO  CO  CO  CO 

o  LD  LD  CD  ID 


a 

O  Q  CO  o 
I  'T  ^  'T  lO 

6.  (L  d  CL  d 

2  2  2  2  2 

CO  CO  CO  CO  CO 

ID  LD  LD  LD  LD 


Q  CO 
.  <0  CD 


CO 


m  ^  ^ 

•  Q_  ♦  •  -  CD 

CL  O.  tL  CL  0-  (L 

2  o  5  2  2  (L 

CO  O  CO  (O  CO  O 

ID  ^  ID  LD  LD  ^ 


Table  1.  Quantitation  Report  for  S.R.  #  C5F-1-118  from  Rickenbacker. 


QQQQOQQO  IQQQQQQ 


OOQQOQQQQQQCiQQQ 

ZZZZZZZZZZZZZZZ 


oqoqqoqqoqooqoq 

zzzzzzzzzzzzzzz 


oQOQQQQOQ I OOQQQ 

^zzzzzzzz I zzzzz 


QQOQQQQQQQQQi^QQ 

zzzzzzzzzzzzzzz 


OQOQQQQCiOloQQQQO 

cdZZZZZZZZ^ZZZZZ 


QQQQQQQQOQQQOQQ 

ZZZZZZZZZZZZZZZ 


QOOcoQQQQtO  I  QQQQQ 
ZZZ^ZZZZcd  I  ZZZZZ 


QQQQOQQO  *z§§2ZZ 


QOQ I QQOQoQQQQOQ 

ZZZ I zzzz^zzzzzz 


CL 

:3 

T^^OiOCvJ'^QQcvjQoQQQOQQ 

g  "  ^  OJ  S 

2  U-  1- 


QQQQQQQQQcoQgg  I  g 


'i-tococoQQcoO 
cotdr^feZZcviZ 
CNJ  ® 


I  QQQQQ 
1  ZZZZZ 


QQO  I  QQQQcooQQQQO 
ZZ^*  I  ZZZZin^ZZZZZ 


QQQQQQ'^OQt^OQtooJto 

22Z22Zc'iZ2oj2Z§j;(N 


Q.  QOOQQQQQO  I  QOggg 

5  Z  Z  Z  2  2  Z  Z  2  Z  I  Z  Z  Z  Z  Z 


QQQQQOQQQQDQQQQ 

zzzzzzzzzzzzzzz 


Q.  qqqqqqqqq  I  ggggg 

5  Z  Z  Z  2  Z  Z  Z  Z  Z  I  Z  Z  Z  2  Z 


QOQ I QQQQoQQQQgg 
ZZZ I ZZZZ^ZZZZZZ 


a. 

>  <i> 


QOQQOQOQOQQQQQQ 

zzzzzzzzzzzzzzz 


T  QQOQOOQQOQQOQOQ 
>  zzzzzzzzzzzzzzz 


lu  Ly  uj  lii 

'IeP 

;  5  Q  C  2 

»  04  I  CD 

r-‘  ^  CC 

■I  J  -  < 

r  H  o  ^  O 


y  O  ^  UJ 

ly  X  £  m  X  S 

2  O  Q  2  o  2 

Q  7;:  Lu  <  5 

jsj  Q  X  — %  ^  O 

z  I  o  3  e  j 

lu  Cl  p:  O  Lu  ^ 
03  ^  f—  1—  H  O 


iisu, 

sggg 


uj  uj  a: 

goo 

S  =r 

o  o  , 


^  -  I 


I  o3 

<Ha:  O 

H  H 


g  a  N 


ND  =  None  Detected  - =  Below  Calibration  Llmlt(1.0  ppb)  Dll  =  Dilution  Dup  =  Duplicate  **•**  =  Abcve  Calibration  Llmit(5000  ppb) 


Table  2.  Quantitation  Report  for  S.R.  #  SF-1-118  from  Rickenbacker. 
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Ref:  95-DF20 

April  17,  1995 


Dr.  Don  Kampbell 

R.S.  Kerr  Environmental  Research  Lab 
U.s.  Environmental  Protection  Agency 
P.O.  Box  1198 
Ada,  OK  74820 

THRU :  S .  A .  Vandegr if t^ 

Dear  Don; 

As  requested  in  Service  Request  SF-1-118,  GC/MS  analysis  for 
phenols  and  aliphatic/ aromatic  acids  was  done  on  one  water  sample 
labelled  MW-5  from  RickenbacJcen  ANGB.  Liquid-liquid  extraction  was 
done  by  Mark  Blankenship  on  April  6,  1995.  The  extract  was 

analyzed  by  GC/MS  on  April  13,  1995.  A  SOP  describing  the 

extraction,  derivatization  and  GC/MS  analysis  is  in  preparation. 

Liquid-Licmid  Extraction  of  Phenols  and  Aliphatic /aromatic 
Acids. 


For  the  extraction  of  the  phenols  and  aliphatic/aromatic  acids 
from  the  water  sample,  100  ml  of  the  water  sample  is  placed  in  a 
dried,  silanized  125  ml  separatory  funnel.  Spike  solutions  if 
applicable  were  added  to  the  sample  at  this  time.  The  pH  of  the 
water  is  adjusted  to  2.0  using  1:1  H^S04.  For  a  water  blank  without 
Na3P04  added,  a  pH  of  2  is  reached  with  ten  drops.  For  lOO  ml  of 
water  sample  preserved  with  NajPOi,  twenty  drops  of  acid  is 
required.  Next  25  g  of  NaCl  is  added  to  the  separatory  funnel 
after  which  the  liquid  is  swirled  to  dissolve  the  salt. 

The  water  sample  is  extracted  four  times  with  5  ml  aliquots  of 
acid  free  methylene  chloride.  To  remove  acids  from  methylene 
chloride  and  other  solvents,  10  g  of  Celite  Micro-Cel  T-49  is  added 
to  one  liter  of  GC/MS  grade  solvent.  This  mixture  is  stirred  for 
one  hoxir,  allowed  to  settle  and  is  filtered  through  a  Millipore 
organic  filter  pad  using  Millipore  vacuum  apparatus.  The  methylene 
chloride  extracts  are  collected  in  silanized  40  ml  VOA  vials.  The 
total  extract  volume  is  recorded. 
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A  200  Ml  aliquot  Of  the 

delivered  to  a  2  ml  a"®”  “P^l^cid  free  acetonitrile,  10  Ml 
potassxum  carbonate.  Next  7  pentafluorobenzyl  bromide 

of  100  ppm  benzoic  acid-dj  a^d  10  Ail  or  ^n  standard  for 

is  added  to  the  vial.  Benzoic  ac^  is  ^e^intern^ 

the  analysis.  The  vials  are  ^  the  vial  The  screw  caps  of 

free  the  solid  salt  from  bottc^m  of  the  in  ^  eo-c 

the  vials  are  "^^ht^ed  and  the  vi  of 

for  2  hours.  When  the  vials  are  remov  seconds  and  200  jul 

^f^hfirorq-to  if/er'^ts^LS:^-  fo  S  liner  of  a  2  ml  crimp 

cap  autosampler  vial. 

ran  Cham^--^  r...,ation  SC/M.  analysis  of  PPJrPdlivati^ 


For  negative  ion  chemical  ^^Sro^  block ‘'of  Se 

ionization  ion  volume  is  placed  ^  v^crulated  using  a  needle  valve 
Finnigan  4615  GC/MS.  Methane  ^^/J^ulated  using  a  n 

until  the  ionizer  pressure  reaches  0.40  torr.  wii^n  5 

this  pressnre,  the  high  vacuum  pressure^rndioates 

S?airyo^l%TtSpe;  prions  Aa  and  e33  m/s  and  a  relative 
feai2d“'rt'lsflf°rhe“i^n5e^t“r\"^d\ran/fer  lines  are 
held  at  275 »C. 

The  Hewlett  Packard  7673  ®uhoinjector  delivered^o^s  bl.^l^hhe 

sample  or  standard  to  the  GC  inje  .  ^  The.  analytical  column  was 

for  1  minute  was  used  for  the  analysis -The  analytic 

a  60  meter,  0.25  mm  J&W  DB5-MS  capillary  5^0«C  to 

thickness.  The  column  6»C^/min.  The  helium  linear 

100»C  at  30°C/min  and  then  to  oven  temperature 

velocity  measured  with  on  ^hrSoJu^n  was^29  psi. 

was  100°C  and  the  helium  h  p  4=-,-riTn  42  to  550  m/z  in  0.5  sec. 

The  Finnigan  4615  GC/MS  was  scanned  from  42  to  550  m/z 

Standard  curves  are 

thirteen  phenols,  twenty-five  a  p  a.cid  was  not  prepared  due  to 

acids,  calibration  curves  Derivatization  of  the 

artefact  levels  of  this  done  in  the  same  manner, 

standard  solutions  ,5  50  100,  500  and  1000  ppb. 

Standards  are  prepared  Jt  5/  10,  25^,^^5^  /  sample  analysis  by 

Quality  assurance  was  maint  ^^^^^j^^^  extraction  banks, 

running  check  standards,  deriva  t  ^  field  samples. 

extraction  recovery  check  standaras 
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OuaTititative  Resul-ts  of  Phenols 


and  Aliphatic /Aromatic  Acids. 


Table  I  provides  the  concentrations  of  phenols  and 
aliphatic/aromatic  acids  found  in  the  water  sample  taJcen  at  the 
Rickenbacken  ANGB  site  and  quality  assurance  samples  run  at  the 
same  time  as  the  samples.  The  lowest  reported  value  of  phenol  or 
acid  in  this  table  is  at  or  about  5  ppb. 


Spike  recoveries  for  each  of  the  acids  and  phenols  were 
determined  in  50  ppb  spikes  of  lOO  ml  of  water  blank..  Recovery  of 
the  50  ppb  concentration  was  poor  for  low  molecular  weight 
aliphatic  acids  due  to  the  poor  extraction  efficiencies  of  these 
acids  from  water.  Higher  molecular  weight  aliphatic  acids  and  all 
the  phenols  and  aromatic  acids  exhibit  good  recoveries. 

Sample  MW5  contained  high  levels  of  lower  molecular  weight 
acids  and  branched  heptanoic  and  octanoic  acids.  The  branched 
octanoic  acids  are  present  in  the  water  sample  at  or  above  1  ppm. 
These  compounds  are  labelled  in  the  attached  chromatograms.  One 
chromatogram  shows  the  extracted  ion  profile  of  C^,  Oj,  Cg  and  C, 
branched  chain  acids.  The  extracted  ion  for  each  corresponds  to 
the  carboxylate  ion  of  each  acid.  Also  included  please  find 
extracted  ion  profiles  for  m/z  ions  141  and  155.  The  141  ion  could 
correspond  to  octenoic  acids ^  methylcyclohexanecarboxylic  acids  or 
dimethylcyclopentanecarboxylic  acids.  Compounds  such  as  nonenoic 
acids  or  dimethyl- (or  ethyl) cyclohexenecarboxyic  acids  could  give 
carboxylic  ions  at  155  m/z. 

Please  note  that  a  problem  has  occurred  in  the  determination 
of  benzoic  acid.  A  larger  amount  of  benzoic  acid  was  found  in  the 
extraction  blank  than  in  the  sample.  We  will  determine  the  source 
of  the  benzoic  acid  artifact  before  the  next  acid/phenol  sample 
queue  is  started. 


If  you  should  have  any  questions,  please  feel  free  to  contact 

me. 


xc: 


J.L. 

G.B. 

R.L. 


Seeley 

Smith 

Cosby 


Sincerely, 


Dennis  D.  Fine 
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n 

12 


27 


36 


39 


Tafah  1.  Quanttailive  Bspoft  •nd  QC  Oatt  for  POaiwIa  »nd  Aliphatic  and  Aiomatle  Adda 
fprSaiaplat  Ifom  Rckarbackan  ANQB  (Saodce  Baquaat  3f=-1 -118). 

GOppD 

Exvacilan  ExiraealDrt 

PROPANOIC  ACID  -  PFB 

2-METVOrt.PROPANOC  ACID  -  PFB 

TRIHFTH^  arsrnc  ACID  —  PFB 

22 

5 

5 

44 

14 

52 

1564 

76 

■  166 

filTTYRiC  ACID  -  PFB 

2-ME7WI.BUTYRC  ADD  •  PFB 

3~METHVtBUTYnC  AGO  -  PFB 

11 

»»w 

11 

41 

36 

121 

167 

257 

3^-DIMETHVlfiU'TYWCAaD  -  PFB 
PeNtANOCAaD-PFB 

2  3-OrM6THVLBUTYRIC  ACID  -  PFB 

SJP. 

7 

N.F. 

56 

41 

56 

144 

110 

666 

2-eTHVLflUTYHlC  ACID  -  PFB 
2~ueTHYl.P£NTANOC  AQD  -  PFB 
i—UPTWVl  PFNTANOC  AOO  —  PFB 

NJ'. 

HJF. 

n.f. 

57 

50 

56 

20 

44 

246 

4-MeTWU*ENTANOC  AOD  -  PFB 

HEXANOIC  ACID  -  PFB 

2  M6THM.HEXANOIC  ACID  -  P  FB 

N.F. 

20 

N.F. 

57 

61 

70 

33 

14 

PHENOt-PFB 

CYCLOPENTANECARBOXyiaiCAClD  -  PFB 

a-uPTl-M  ucvawoiCACID  -PFD 

NJf. 

HJF. 

52 

43 

61 

25 

6  , 

0-CRESOL  -  PFB 

HJP, 

63 

N.Fa 

2-eT>frt-HEXANO<CAClD  -  PFB 

•«« 

64 

1936 

HFPTANQC  ACIO  —  PFB 

6 

64 

tn-CRESOL  -  PFB 

N.F. 

61 

N.F. 

p-CRESOL-PFB 

N.F. 

60 

1 -CYCLOP ENTENE-1 -CARBOXYLIC  AOD  -  PFB 

N.F, 

43 

N.f. 

o-ETHYLPHENOL  -  PFB 

N.F. 

63 

N.F. 

CYCLOP  EMTANEACETIC  AQD  -  PFB 
■  PNPKIOL  »  PFB 

NP. 

n.f. 

50 

50 

20 

Nj:. 

2,5-OIMETHYLPHENOL  -  PFB 

Nj:. 

56 

NJ?. 

CYCLO HDCANeCARBOXYUC  AGIO  -  PFB 

N-F. 

61 

14 

3-CYCLOHEXENE-I  -CARBOXYLIC  ACID  -  PFB 

mmt 

S3 

N.F. 

2,4-DIMETHYLPHeNOL  -  PFB 

HJP. 

40 

NJ*. 

3,S-DIMETMVU>HEN0L  A  M-ETHYLPHENCX  •  PFB 

NJ=, 

131 

N.f. 

OCTANCHC  ACID  -  PFB 

mwm 

64 

5 

2.3-OIMGTKYLPHHNOL  -  PFB 

N.F. 

62 

NJ:. 

P-ETHYLPHGnOL  -  PF8 

N.F. 

67 

N.f. 

BFNZOiCACIO  -  PFB 

aa 

71 

19 

a.4-OIM6THYLPH£NOL  -  PFB 

N.F. 

63 

Nj:. 

m-METHYL06N2OC  ACID  -  PFB 

NJ=, 

45 

1  -.r.vcLOMEXENE-1  -CARBOXYUC  AOO  -  PFB 

N.F. 

50 

NJF. 

40  CYCLO  HOCANGACerC  ACID  -  P  FO 

41  a-PHENYLPflOPANOICAaO  -  PFG 

42  o>METHVLBENZOC  AOD  ~  PPB  __ 


N.P. 

N.P. 


<7 

eo 

50 


o  phGHyiacctc  acid  -  ppe 

44.  m  -TOLYIACETIC  AQO  -  FFB 

45  o~TOLUACSnC  AOD  -  PPB _ 

4fi  z^-OIMeTHYLBENZOC  AOO  -  PPS 
47  p-TOLVtACETlCACID  -  PP9 
40  p-MgTHyLBENZOlC  AGIO  -  PFB 


NJ:. 

N.F. 


56 

43 

42 


HJF. 

N.F. 

N.F. 


65 

42 

50 


40  3-PHeNYLPROPANaCAaD-PF0 

50  2^-DIMETHnB£N20C  ACID  -  PFB 

51  OECANOIC  AOP  -  PFS _ 


HJP. 

NJ*. 


52  2.41-OIMSTH71BENZOC  AaO  -  PF0 

53  3.6-DIMETHVlBeNZOC  ACID  -  PFB 

54  2.3-OIMETHVUBENZOC  ACIQ  PFB 
56  4-ETW\.8eNZOCAaD-PFB 

56  2>,fi  -TR^MerKrt.Be^i20C  ago  -  PFB 

57  a.4-.DIMETm\.BgN20IC  ACID  -  PFB 


NJ:. 

N.F. 


53 

SO 

62 

62 


61 


HJF. 

N.F. 

N.F, 


63 

60 

60 


56  2,4.3  -TWWeT>1>t.EEM20lC  AQO  -  PFB 


N.F. 


—  IndkBles  coftc»flff46on  oC exlract  wet  B»low  lowest  aJibmUofi  itando/d  {5  pptt. 
N.F.  Indicate*  nottOUftd. 
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RIC  Data:  694HW5  ttl  Scans  1100  to  1700 

04/13/95  17:42:00  Cali:  NICAL412  113 

Sanple:  50ML  SAMPLE  HUB 

Cqnds.:  50C<1M)  TO  100C  30C/M  TO  300C  6C/M  SPLITLESS  IM  DB5MS60 . 25 . 2S 
Range:  G  1>4000  Label:  N  0^  4.0  Quan:  A  0#  1.0  J  0  Base:  U  20,  3 
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CHRO: 


80 ’d  £0^8  S£P  S0t^ 


Sds/Hss  yay-na3>fsd  ydBsn 


HIC  Data-  694MW5  111  Scans  2300  to  3000 

04/13/95  17:42:00  Cali:  NICAL412  113 

Sample:  SBML  SAMPLE  MU5 

Conds.:  50C(1M)  TO  100C  30C/M  TO  300C  6C/M  SPLITLESS  IM  DB5MS60 . 25 . 25 
Range:  G  1,4000  Label:  N  0,  4.0  Quan:  A  0,  1.0  J  0  Base:  U  20.  3 


I 


wJJl 
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60 ’d  COAB  9£P  S0t7 


Hds/sss  yce-id3>!sa  udBsn 


6S::TT  SSSl-PZ-Hdk 


0T‘d  20^8  9£P  S0t7 
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RIC+Mass  Chpomatagran  Data!  &94HUE  112237  Sca^is  2170  to  2B50 

04/13/95  17:42:00  Cali:  694t1U5  »3 

Sample:  50ML  SAMPLE  NU5 

CoTids.:  50C(1M)  TO  100C  30C/M  TO  300C  6C/M  SPLITLESS  IM  DB5NS60 . 25 . 25 
Range:  G  1«4000  Label:  N  0,  4.0  Quan:  A  0^  1.0  J  0  Base:  U  20^  3 
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Table  I,  Quantitative  Report  and  QC  Data  for  Phenols  and  Aliphatic  and  Aromatic  Acids 
for  Samples  from  Rlckenbacker  AFB  (Service  Request  SF-t~118). 

Concentration  ppb 


10  ppb 

100  ppb 

Standard 

Standard 

Extraction 

%  Extraction 

Check 

Check 

Derivative 

Derivative 

Method 

Recovery  of  50  i 

ESMP-13S 

ESMP-130 

Standard 

Standard 

Blank 

Blank 

Blank 

Spike 

1 

PROPANOIC  ACID  -  PF0 

840 

19 

17 

116 

11 

16 

14 

11 

2 

2-METHYLPROPANOIC  ACID  -  PFB 

154 

8 

14 

116 

... 

6 

43 

3 

TRIMETHYL  ACETIC  ACID  -  PFB 

12 

12 

122 

... 

8 

113 

4 

BUTYRIC  ACID  -  PFB 

144 

7 

15 

114 

8 

11 

9 

33 

5 

2-METHYLflUTYRIC  ACID  -  PFB 

92 

... 

10 

116 

... 

«*• 

•* 

91 

6 

3-METHYL0UTYR1C  ACID  -  PFB 

112 

... 

10 

116 

... 

•• 

86 

7 

3.3-OIMETHYLaUTYRICACIO  -  PFB 

... 

N.F. 

11 

118 

N.F. 

N.F. 

N.F 

119 

8 

PENTANOlCACtO  ~  PFB 

43 

... 

13 

113 

... 

7 

99 

9 

2.3- DIMETHYLBUTYRIC  ACID  -  PFB 

5 

N.F. 

11 

119 

N.F. 

N.F. 

N.F 

118 

10 

2-ETHYLBUTYRICACID  -  PFB 

N.F. 

N.F. 

8 

117 

N.F. 

N.F. 

N.F 

120 

11 

2-METHYLPENTANOICACID  -  PFB 

9 

N.F. 

a 

115 

N.F. 

N.F. 

N.F 

123 

12 

3-METHYLPENTANOICACIO  -  PFB 

5 

N.F. 

a 

112 

... 

N.F. 

N.F 

120 

13 

4-METHYLPENTANOIC  ACID  -  PFB 

... 

N.F. 

8 

112 

N.F. 

N.F. 

N.F 

121 

14 

HEXANOIC  ACID  -  PFB 

29 

7 

12 

115 

5 

5 

136 

15 

2-METHYLHEXANOIC  ACID  -  PFB 

... 

N.F. 

a 

113 

N.F, 

N.F. 

N.F 

130 

16 

PHENOL  -  PFB 

... 

... 

12 

99 

... 

•• 

113 

17 

CYCLOPENTANECARBOXYUC  ACID  -  PFB 

5 

N.F. 

7 

107 

N.F. 

N.F. 

N.F 

106 

18 

5-METHYLHEXANOlCAClD  -  PFB 

... 

... 

11 

110 

... 

*•' 

144 

19 

o-CRESOL  -  PFB 

N.F. 

N.F. 

11 

127 

N.F. 

N.F. 

N.F 

124 

20 

2-ETHYLHEXANOlC  AGIO  -  PFB 

285 

... 

12 

123 

... 

*•< 

126 

21 

HEPTANOtCACIO  -  PFB 

... 

... 

'  10 

116 

... 

•*' 

131 

22 

m-CRESOL  -  PFB 

N.F. 

N.F. 

11 

126 

N.F. 

N.F. 

N.F 

123 

23 

p-CRESOL-  PFB 

N.F. 

N.F. 

11 

127 

N.F. 

N.F. 

N.F 

123 

24 

1-CYCLOPENTENE-1-CARBOXYUC  ACID  -  PFB 

N.F. 

N.F. 

11 

113 

N.F. 

N.F. 

N.F 

96 

25 

o-ETHYLPHENOL-  PFB 

N.F. 

N.F. 

10 

126 

N.F. 

N.F. 

N.F 

127 

26 

CYCLOPENTANEACETIC  ACID  -  PFB 

N.F. 

N.F. 

7 

113 

N.F. 

N.F. 

N.F 

120 

27 

2.6-OIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

9 

127 

N.F. 

N.F. 

N.F 

118 

28 

2.5-D;METHYLPHEN0L  -  PFB 

N.F. 

N.F. 

10 

130 

N.F. 

N.F. 

N.F 

122 

29 

CYCL0HEXANECAR80XYUC  ACID  -  PFB 

... 

N.F. 

7 

111 

N.F, 

N.F. 

N.F 

120 

30 

3-CYCLOHEXENE-1-CAR80XYUC  ACID  -  PFB 

N.F. 

N.F. 

11 

120 

... 

N.F. 

117 

31 

2.4-OIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

10 

139 

N.F. 

N.F. 

N.F 

104 

32 

3.5-OIMETHYLPHENOL&  M-ETHYLPHENOL-  PFB 

N.F. 

Ni^. 

10 

132 

N.F. 

N.F. 

N.F 

126 

33 

OCTANOIC  AGIO  -  PFB 

... 

... 

14 

118 

... 

*** 

•• 

127 

34 

2.3-DIMETHYLPHENOL  -  PFB 

N.F. 

N.F. 

10 

127 

N.F. 

N.F. 

N.F 

122 

35 

p-ETHYLPHENOL  -  PFB 

N.F. 

N.F. 

10 

130 

N.F. 

N.F. 

N.F 

126 

36 

BENZOIC  ACID  -  PFB 

36 

33 

95 

161 

••• 

23 

159 

37 

3.4-OIMETHYLPHENOL- PFB 

N.F. 

N.F. 

10 

135 

N.F. 

N.F. 

N.F 

119 

38 

m-METHYLBENZOIC  ACID  -  PFB 

20 

N.F. 

11 

110 

N.F. 

N.F. 

N.F 

105 

39 

1 -CYCLOHEXENE- 1-CAR80XYUC  ACID  -  PFB 

N.F. 

N,F. 

11 

109 

N.F. 

N.F. 

N.F 

123 

40 

CYCLOHEXANEACETIC  ACID  -  PFB 

N.F. 

N.F. 

7 

111 

N.F. 

N.F. 

N.F 

127 

41 

2-PHENYLPROPANOIC  ACID  -  PFB 

N.F. 

NJ:. 

10 

113 

N.F. 

N.F. 

N.F 

118 

42 

0-METHYL8ENZOIC  ACID  -  PFB 

... 

N.F. 

10 

116 

N.F. 

N.F. 

N.F 

120 

43 

PHENYUCETC  ACID  -  PFB 

... 

10 

112 

••• 

120 

44 

m-TOLYLACETlCAClO  -  PFB 

N.F. 

NJ^. 

10 

100 

N.F. 

N.F. 

N.F 

120 

45 

o-TOLYLACETlC  ACID  -  PFB 

N.F. 

N.F. 

14 

92 

N.F. 

N.F. 

N.F 

143 

46 

2.6-DlMETHYLBENZOlC  ACID  -  PFB 

N.F. 

N.F. 

12 

120 

N.F. 

N.F. 

N.F 

136 

47 

p-TOLYLACETlC  ACID  -  PFB 

N.F. 

N.F. 

9 

104 

N.F. 

N.F. 

N.F 

155 

48 

p-METHYLBENZOIC  ACID  -  PFB 

•  •• 

N.F. 

10 

111 

N.F, 

N.F. 

N.F 

125 

49 

3-PHENYLPROPANOIC  acid  -  PFB 

... 

N.F. 

11 

106 

N.F. 

N.F. 

N.F 

127 

50 

2,5-OIMETHYLBENZOlC  ACID  -  PFB 

N.F. 

UJP. 

11 

111 

N.F. 

N.F. 

N.F 

120 

51 

DECANOIC  ACID  -  PFB 

... 

... 

12 

112 

125 

52 

2.4-DIMETHYL8EN20IC  ACID  -  PFB 

... 

N.F. 

10 

116 

N.F. 

N.F. 

N.F 

119 

53 

3.5-OIMETHYLflENZOlC  ACID  -  PFB 

... 

N.F. 

9 

107 

N.F. 

N.F. 

N.F 

124 

54 

2.3- DIMETHYLBEN20IC  ACID  -  PFB 

N.F. 

N.F. 

10 

114 

N.F. 

N.F. 

N.F 

121 

55 

4-ETHYLBEN20IC  ACID  -  PFB 

N.F. 

N.F. 

10 

113 

N.F. 

N.F. 

N.F 

116 

56 

2.4.6 -TRIMETHYLBENZOIC  ACID  -  PFB 

... 

N.F. 

10 

121 

N.F. 

N.F. 

N.F 

120 

57 

3.4-DIMETHYLBENZOIC  ACID  -  PFB 

... 

Ni^. 

10 

105 

N.F. 

N.F. 

N.F 

117 

58 

2.4.5 -TRIMETHYLBENZOIC  ACID  -  PFB 

N.F. 

N.F, 

9 

115 

N.F. 

N.F. 

NJ= 

131 

indicates  concentration  of  extract  was  below  lowest  calibration  standard  (5  ppb). 


N.F.  Indicates  not  found. 


